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Recent Changes in Maximum Permissible Exposure 


Values 


K. Z. MORGAN, Ph.D., Oak Ridge, Tenn. 


Introduction 


In the United States the two organizations 
primarily responsible for the establishment 
of standards of protection from ionizing 
radiation are the International Commission 
on Radiological Protection (ICRP) and the 
National Committee on Radiation Protection 
(NCRP). The ICRP and the NCRP began 
as x-ray and radium protection organizations 
in 1928 and 1929, respectively. At that time 
their primary concern was the safe use of 
x-rays and radium and its daughter prod- 
ucts. In 1946 the names of these organiza- 
tions were modified to the present form in 
recognition of the fact that their responsi- 
bilities had extended to all sources of ioniz- 
ing radiation, e. g., cyclotrons, betatrons, 
reactors, and radionuclides. Their activities 
have enlarged manyfold during the past 
decade, and at present the committees are 
preparing and/or revising handbooks of 
recommendations relative to all phases of 
radiation protection, e. g., maximum per- 
missible external and internal doses; safe 
handling of radioactive isotopes ; control and 
removal of radioactive contamination ; radio- 
active waste disposal; radiological monitor- 
ing methods and instruments; dosimetry ; 

Recorded for publication May 15, 1957. 

Presented at the 1957 Nuclear Congress, Phila- 
delphia, March 12, 1957. 

Director, Health Physics Division, Oak Ridge 
National Laboratory, operated by Union Carbide 


Nuclear Company for U. S. Atomic Energy Com- 
mission. 


protection against B-rays, y-rays, neutrons, 
protons, and heavy suggestions for 
legislative control of radiation hazards, and 
others. This discussion will be limited to a 
review of the maximum permissible dose, 
with particular emphasis on the internal dose 
problem. 


ions; 


Basic Standards of Maximum 
Permissible Exposure 


The basic standards of maximum permis- 
sible occupational exposure are the follow- 
ing: (1) The absorbed dose in rem units * 
to the bone shall not exceed that delivered 
by O.1ug. of Ra*** plus its associated daughter 
products ; (2) the absorbed dose rate to any 
organ of the body shall not exceed 0.3 rem 
per week, and (3) the integrated absorbed 
dose shall not exceed 50 rem to age 30 or 50 
rem per decade thereafter. The first of 
these basic standards has been in continuous 
use since 1941.1 The unfortunate experience 
of the radium dial painters led to the adop- 
tion of this value, and more recently it has 


* The absorbed dose in rem delivered to any 
medium is given by the equation rem=(RBE) xX 
rad. In this equation (RBE) is the relative bio- 
logical effectiveness of the radiation and 1 rad 
corresponds to an energy absorption of 100 ergs 
per gram of any medium. The (RBE) is com- 
monly set equal to 1 for x, y, and B radiation, 
10 for a, protons, and fast neutrons, and 20 for 
heavy recoil ions. A more recent refinement* has 
been to set (RBE) equal to a function of LET, 
the linear energy transfer. 
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been confirmed to some extent by follow-up 
studies * of persons to whom were admin- 
istered therapeutic doses of radium during 
the early 1930’s, when radium was con- 
sidered by some medical men to be a cure-all. 
Later this 0.lng. Ra?** came to be considered 
an acceptable reference standard* for the 
maximum permissible body burden of other 
naturally occurring bone-seeking radioiso- 
topes, such as Po?!®, Th??8, and 
More recently it has become the basic 
standard for all bone-seeking radionuclides, 
including those produced by accelerators and 
nuclear reactors. Some of the more im- 
portant radionuclides in this latter class 
are P®?, Cats Sr Sr® Ba?+Lai 
+ Us Am**!, and 
Cm**2. 

The maximum permissible dose rate was 
set initially (1931) at Ir per week. This was 
reduced later (1936) to 0.5 rem per week, 
and in 1948 it was lowered to its present 
value of 0.3 rem per week. 

The third basic standard, which limits the 
accumulated absorbed dose, did not reach 
official status until April, 1956, when it was 
recommended by ICRP. A few months later 
it was adopted in principle by the NCRP 
when it set the maximum absorbed dose that 
could be accumulated from occupational ex- 
posure at 5(A—18), in which A is the age 
in years of the occupationally exposed per- 
son. It will be observed that this limit on 
the accumulated exposure affects also the 
basic absorbed dose rate in that the average 
occupational absorbed dose rate must be 
limited to 0.1 rather than 0.3 rem per week. 


Experience in Application of Basic 
Standards of Exposure 


During the past quarter century the first 
basic standard of exposure has proven rather 
satisfactory from the standpoint of ease of 
application to internal dose and dosimetry. 
Body burdens of O.ly of Ra®** were 
measured with little difficulty either by 
breath measurement of the exhaled noble 
gas, Rn***, given off from the Ra?%* de- 
posited in the body or by measurement of 
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the dose delivered by y-rays from the body 
to ion chambers placed about the body. More 
recently the external measurements have 
been made with Geiger and scintillation 
counters. The estimation of total body 
burden became more difficult when this basic 
standard was extended to additional bone- 
seeking radionuclides which do not emit a 
noble gas or do not result in the emission 
of appreciable y-radiation. In these cases 
chemical methods of urinalysis were de- 
veloped to separate out the a- and -emitting 
radionuclides for quantitative analysis by 
counting the ionizing particles emitted from 
prepared samples making use of propor- 
tional counters, Geiger counters, or scintilla- 
tion counters. The interpretation of the 
urine analysis data has been difficult because 
in our work with P32, etc., we 
attempt to avoid the unfortunate experiences 
of the radium dial painters, and thus, for 
the most part, it has been necessary to 
establish the human body burden of these 
radionuclides not from autopsy studies but 
from urine analysis data obtained from 
animal experiments. At the present time we 
cannot be certain that we have avoided all 
the internal dose hazards, as it requires 20 
to 30 years for some types of radiation 
damage to make their appearance. As time 
goes on data are accumulated from occupa- 
tional accidents with these elements and 
from tracer studies on humans, and this 
information has increased our confidence in 
our estimation of permissible body burdens. 
In some cases human studies are conducted, 
substituting the less dangerous y-emitting 
radionuclides of these elements and using 
total body counters and body scanners to 
study the body retention and distribution. 

Another uncertainty in the application of 
the O0.lug. Ra?** equivalent to the various 
bone-seeking radionuclides is the proper 
choice of the nonuniform distribution factor, 
N, and of the relative biological effectiveness, 
RBE. Somewhat arbitrarily,® N is set equal 
to 5 for the particulate components (a, 8, 
e~, B*) of radiation from all bone-seeking 
radionuclides with the exception of Ra?* 
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and P*. It is set equal to 1 for all x and y 
radiation. The RBE is set equal to 1 for 
B, y, x, e~, and B* radiation, 10 for a and 
proton radiation, and 20 for heavy recoil 
ions. It has been recommended ® that RBE 
be set equal to some functional relation to 
the linear energy transfer, LET, but this 
relation has been applied only in the estab- 
lishment of values of maximum permissible 
flux for external neutron beams.? 


The second basic standard, i. e., 0.3 rem 
per week, has proven equally useful in its 
application to both external and internal 
exposure. It is applied by the health physi- 
cist in building and area surveys and in 
personnel monitoring as a safe external 
exposure rate provided the average exposure 
rate does not exceed one-tenth to one-third 
this value. This external exposure rate of 
0.3 rem per week is one that is measured 
easily for survey operations by means of 
electrometers, Geiger counters, proportional 
counters, and scintillation counters. How- 


ever, for personnel monitoring it is more 


practical to measure the integrated dose— 


rather than the dose rate—and this has 
raised repeatedly the following question: 
What fluctuations in the dose rate are per- 
missible provided an acceptable integrated 
dose is not exceeded? For the past three 
years the NCRP® has recommended that, 
in general, the absorbed dose should be 
inventoried on a weekly basis with 0.3 rem 
as the permissible limit, but in exceptional 
cases one might receive 0.9 rem in a week 
or 0.9 rem each week in 31% consecutive 
weeks provided not more than 3 rem are 
received in any period of 13 consecutive 
weeks. During the past year (1956) the 
ICRP has recommended that a person be 
permitted to receive up to 3 rem in a single 
week provided the total exposure in the 
13-week interval, beginning with the week 
of the high exposure, does not exceed 3 
rem.* This has the advantage of greater 
flexibility and permits the worker to 
operate at an exposure rate of 0.3 rem 


* This recommendation is being considered now 
(August 1957) by the NCRP. 
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per week for several successive weeks with 
the knowledge that if the occasion arises, he 
can increase at any time his weekly exposure 
up to 3 rem. I do not know of any good 
basis for assuming that a limit of 0.05 rem 
per day for 6 consecutive working days 
provides any more protection than 0.3 rem 
per week or that 0.3 rem per week is better 
than 3 rem per 13 weeks. Eventually we 
reach a period of time over which it is not 
safe to inventory the accumulated absorbed 
dose. For example, although the limits of 
15 rem per year or 250 rem per 70 years 
are considered to be satisfactory for occupa- 
tional exposure, it would not be safe to per- 
mit the 250 rem to be received in a single 
month and it would not be advisable to 
receive 15 rem in a single day. It is interest- 
ing to note in this connection that in the 


that 0.05 r in the working day is the maxi- 
mum permissible dose of external y radia- 
tion. I suggest that this distinction is one 
rather of idealized philosophy than of 
practice, as private discussions with some 
of the delegates* at the Conference on 
Peaceful Uses of Atomic Energy in Geneva 
in 1955 indicated that in the U. S. S. R. 
personnel monitoring records are maintained 
from film badge readings made on a weekly 
basis. 

Setting the absorbed dose inventory period 
as long as possible has several advantages. 
It permits greater accuracy in estimating the 
small accumulated absorbed dose, which 
usually is less than 0.1 rem in 13 weeks, and 
it saves time and reduces personnel monitor- 
ing costs. Many of the laboratories in the 
United States have increased their inventory 
period from 1 week to 13 weeks, with a 
corresponding reduction in the error of the 
average film badge record by a factor of 13. 
However, in all operations where personnel 
may receive large radiation exposures they 
must wear pocket condensers or fiber dosim- 
eters in addition to film badges so that 
they can be assured on a day-to-day basis 
that they are not exceeding permissible 
limits of exposure. 
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In the case of internal exposure the vast 
majority of maximum permissible concen- 
tration, MPC, values for air and water con- 
tamination as given in the NCRP Handbook 
52° and the ICRP Handbook ® are based 
on a maximum permissible exposure rate of 
0.3 rem per week to some critical body organ 
other than the bone. In cases where the 
radionuclide is a y-emitter the body burden 
can be estimated from external measure- 
ments with ion chambers or counters, but in 
most cases reliance is placed on urinalysis 
or fecal measurements. 

From the very beginning of the atomic 
energy program it was recognized by the 
health physicists that although the basic 
exposure rate—first, 1.0 rem per week, then 
0.5 rem per week, and finally 0.3 rem per 
week—was satisfactory for day-to-day op- 
erations it would not be safe to integrate 
this rate over a considerable fraction of the 
occupational life of an individual. Perhaps 
it was mostly intuition that led the health 
physicist to apply a generous factor of safety 
to these permissible exposure rates, because 
at that time he had very little, if any, evi- 
dence to support his claim that 700 to 800 
rem of occupational exposure was harmful. 
When the NCRP Handbook 59° recom- 
mended that the maximum permissible dose 
rates might be doubled for persons beyond 
age 45, the application of this provision was 
avoided by practically all health physics 
groups. It is doubtful if any groups of 
persons beyond age 45 were permitted to 
average a dose rate of 0.6 rem -per week 
over an extended period of time. Similarly, 
very few employees, if any, were permitted 
by the health physicists to make use of the 
provision in Handbook 59 that once in a 
lifetime a planned emergency exposure of 25 
rem to the total body or 125 rem to the 
hands, feet, ankles, and forearms might be 
received. Although it was convenient to 
have official sanction for doubling the expo- 
sure rate after age 45 and for permitting 
large planned emergency exposures, the 
health physicists have felt that use should be 
made of such provisions only as a last resort 
under emergency conditions, 
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The early health physicists may have had 
difficulty—if you pinned them down—in ex- 
plaining why large safety factors should be 
applied to the basic exposure rates; never- 
theless their precautionary measures have 
proven to be more than justified. Many 
studies during the past decade have indicated 
that exposures of 700 to 1200 rem? to a 
large group of employees would be an unde- 
sirable practice and could lead to various 
forms of biological damage such as lowered 
resistance to disease, genetic mutations, 
cataracts, shortening of life span, leukemia, 
and other forms of cancer. The magnitude 
of these effects resulting from chronic oc- 
cupational exposure to an accumulated dose 
of 1200 rem to age 70 is unknown, but 
experiments indicate that the life span might 
be shortened by 10 to 20 years, the leukemic 
incidence might be increased by a factor of 
10 to 20, and the spontaneous mutations in 
the offspring might be increased by a factor 
of 10 to 20. 

At times and in some organizations, the 
health physicist has found it a very difficult 
task to sell management and operations on 
the principle that all unnecessary exposure 
to ionizing radiation should be avoided and 
that safety factors of 3 to 10 should be 
applied so that the average occupational ex- 
posures to the age of 65 should not exceed 
150 to 250 rem. Fortunately, the recent 
action of the ICRP and the NCRP in adopt- 
ing the third basic standard of maximum 
permissible exposure has legalized the safety 
factors long applied by the health physicist. 
Table 1 summarizes the exposure experience 
of Oak Ridge National Laboratory 
(ORNL) and indicates that the average ex- 
posure is about one-fiftieth of that permitted 
by the old regulations. 

Table 2 is a summary of the exposure 
records of the 10 persons at ORNL who 
have accumulated the highest exposures. The 
fact that the average of these 10 highest 
accumulated exposures is only 42% of that 


+ The occupational exposure permitted by NCRP 
Handbook 59 is 
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Taste 1.—Comparative Summary of Accumulated Exposure of ORNL Employees 


to Ionizing Radiation 


Dose, *rem 


Accumulated Exposure 


1.6 
(2.6) Average accumulated occupational exposure of all employees now at ORNL 


38 


(60) Average accumulated exposure of the 10 employees now at ORNL who have accumulated the highest re- 


corded exposure 


49.1 
(76.8) 


gs 
(196) Accumulated exposure the 


Accumulated exposure of the single employee at ORNL who has accumulated the highest recorded exposure 


erson would receive who worked at ORNL for the average employment period 


of 6.3 years and received the absorbed dose rate of 0.3 rem per week to the entire body or 0.6 rem to the skin 
for the entire period as presently permitted by HB-59 and HB-52 


31.5 Accumulated exposure the person would receive who worked at ORNL for the average employment period 
(63) of 6.3 years and received the average absorbed dose rate of 5 rem per year to the entire body or 10 rem per 
year to the skin for the entire period, as proposed by the ICRP 


permitted by the new (1956) NCRP regula- 
tions and the single highest accumulated ex- 
posure at ORNL is only 73% of that 
permitted by the new NCRP regulations 
speaks well for the ORNL safety record 
and indicates that the new ICRP and NCRP 
regulations do not impose any difficult or 
impossible restrictions. Rather, they legalize 
the factors of safety applied by the health 
physicists in the past and indicate how well 
future limitations have been anticipated. 


Other Changes in ICRP and NCRP 
Regulations in 1956 


Setting 250 rem to age 70 as the upper 
limit is equivalent to reducing the average 
exposure rate from 0.3 to 0.1 rem per week. 
In a*tempting to apply this dose rate to in- 


* Values given in parentheses indicate the dose to the skin. The other values are for the penetrating component of dose. 


ternal dose limits it was recognized that the 
basic standard of Ra®** corresponded 
to an absorbed dose rate of 0.8 rem* per 
week to the bone. Therefore, it did not seem 
reasonable to restrict to 0.1 rem per week 
the dose rate for radionuclides deposited in 
other critical body organs. It was recognized 
that the new restrictions were intended to 
apply primarily to total body exposure, which 
was assumed to shorten the life span and/or 
to increase the probability of contacting leu- 
kemia, and to apply to gonad dose, which 
might lead to genetic damage. Also, the 
occupational exposure seldom extends over 
a period greater than 40 years, and so even 
at an average dose rate of 0.3 rem per week 
the accumulated dose of 600 rem is only 
twice the 250 rem dose permitted to age 70 
for total body or gonad irradiation by the 


TaBLe 2.—Exposure Records of ORNL Employees with Highest Accumulated Dose 


Total Dose Through 1955 


% of Maximum Permissible Exposure 


Person 
Skin Dose, 
rem 


76.8 49.1 
74.7 51.1 
70.0 41.9 
40.8 
38.5 
35.2 


Av. 


Penetrating Dose, 
rem 


Penetrating Exposure X 100 
5(N—18) 
545 


Age in 1955, 
Yr. 


Morgan 


|| 
¢ 
i] 36 
32 73.0 
48 27.3 
37 429 
46 27.5 
32 44.0 
50.8 33.5 36 37.2 
50.3 32.6 38 32.6 
49.4 28.8 30 48.0 
|| 49.3 31.6 35 37.2 
|| 60.0 38.2 37 42.4 
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new regulations. Thus there are three 
reasons—(1) the 0.1ug. Ra®** corresponds to 
0.8 rem* per week; (2) the critical organ is 
generally a small fraction of the total body, 
and (3) the occupational exposure is usually 
a small fraction of the life span—why the 
maximum permissible absorbed dose to criti- 
cal body organs from internally deposited 
radionuclides continues to be 0.3 rem per 
week with the exception of the gonads, total 
body, bone, skin, or thyroid as the critical or- 
gans. In the case of gonads and total body 
the permissible internal dose rate is reduced 
to 0.1 rem per week; in the case of bone the 
permissible internal dose rate is 0.8 rem* per 
week (corresponding to the dose rate from 
O.1pg Ra®®*), and in the case of skin or thy- 
roid the permissible internal dose rate is 0.6 
rem per week. Some of these decisions of 
the ICRP and the NCRP were of an arbi- 
trary nature, and further study during the 
next few years may lead to other changes in 
the permissible exposure rate to specific body 
organs. Most of the available animal data are 
the result of studies following a single intra- 
venous injection of the radionuclide. Studies 
of continuous intake by inhalation and inges- 
tion are urgently needed, and, where ethically 
possible, these studies should be extended to 
large animals, including humans. 


The permissible exposures in the neighbor- 
hood of a plant are to be limited to one-tenth 
of the occupational exposures discussed 
above, and those of the population at large 
are to be limited essentially to the dose which 
will double the average natural genetic ex- 


posure from background radiation. This 
gonad dose is estimatec to be about 4 rem 
to age 30. So far, MPC values have been 
established only for continuous occupational 
exposure. These values are in the process of 
revision, and it is hoped that within the next 
few years data will be available to make it 
possible to set MPC values for the radio- 


* This value of 0.8 rem per week was calculated 
on the basis that 55% of the daughtor products of 
Ra™ in retained in the body. Recent data indicate 
that only 30% of the daughtor products are re- 
tained and if this is correct, the 0.ly Ra™ cor- 
responds to 0.56 rem per week. 
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nuclides that will be applicable to exposure 
of the population at large and serve as a 
guide in planning radioactive waste disposal 
from large nuclear power reactors and in 
accessing the hazards associated with the fall- 
out from nuclear weapon tests. In the past 
we were justified in the use of large safety 
factors, but in the future we must have more 
precise information. If we set the maximum 
exposure values too low, we penalize reactor 
development and deprive ourselves of many 
of its potential benefits. If we set these 
values too high, the damage from ionizing 
radiation could well exceed all the benefits 
of the atomic age. 


Oak Ridge National Laboratory, P.O. Box P. 
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The Biological Action of Degussa Submicron 
Amorphous Silica Dust (Dow Corning Silica) 


IV. Studies on Guinea Pigs Infected with Tuberculosis 


GERRIT W. H. SCHEPERS, M.D., D.Sc.; ANTHONY B. DELAHANT; ELIZABETH J. FEAR, and 


JOHN G. SCHMIDT, Saranac Lake, N. Y. 


One of the main causes of death in per- 
sons exposed to dust containing high pro- 
portions of  crystalline-free silica is 
complicating tuberculosis. Such an infection 
can be superimposed after silicosis has 
reached an advanced stage (silicosis with 
tuberculosis), and in such cases the tuber- 
culous process does not differ much from 
that which occurs in nonindustrial personnel. 
The tuberculous infection can also take place 
at an early stage during the course of the 
dust exposure and before distinctive silicotic 
lesions have formed. In such instances the 
resulting histological reaction generally 
represents a of the silicotic 
process and the tuberculous process (sili- 
cotuberculosis). In yet other instances there 
may have been either an active or a dormant 
tuberculous lesion before exposure to the 
siliceous dust was commenced. The aug- 
mented infection which manifests itself 
after the dust exposure has been in force 
for a variable period has certain distinctive 
characteristics and is commonly referred to 
tuberculosilicosis. 

At the Saranac Laboratory, Gardner ! 
elaborated techniques to assay the capacity 
of various dusts to stimulate a tuberculous 
process. He demonstrated that the course 
of an experimentally induced tuberculous 
infection could be materially influenced de- 
pending on whether the infection followed 
the dust exposure (predisposition phase), 


combination 
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occurred at the same time as the dust ex- 
posure commenced (simultaneous 
phase), or preceded the dust exposure (re- 
activation phase). These three phases are 
the homologues, respectively, of the three 
forms of the human tuberculosis enumerated 
above. 


was 


The introduction of synthetic submicron 
amorphous silica products has posed the 
question whether they too will stimulate 
or modify a tuberculous process which was 
previously, simultaneously, or subsequently 
induced. It had already been demonstrated 
that, whereas dusts containing free silica gen- 
erally aggravate the tuberculous infection, 
other noncrystalline siliceous dusts, such as 
the silicates, generally do not facilitate the 
development of tuberculosis or do so only to 
a limited extent.? 


Method 


To assay the tuberculogenic propensity of the 
Degussa submicron amorphous silica dust (Dow 
Corning Silica) the R1Rv strain of the R1 tubercle 
bacillus was employed. The Mycobacterium tuber- 
culosis var. Rl was originally a virulent human 
bacillus. About 70 years ago it was recovered from 
a child who had died of tuberculous meningitis. It 
was preserved by implantation into the eye of a 
rabbit and has since been kept alive by culturing 
it on artificial media. Through studies on guinea 
pigs it has been shown that the strain has two 
dissociates, one of which is virtually inactive (Ra) 
and the other capable of producing a characteristic 
lesion in guinea pigs (Rv). When introduced 
into guinea pigs the R1Rv bacillus causes a tran- 
sient, comparatively innocuous _ self-terminating 
tuberculous disease of variable severity. The usual 
lesions produced consist of small isolated tubercles. 
These may ultimately disappear entirely or may 
show some calcification. They frequently lie just 
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beneath the pleura, sometimes adjacent to a 
bronchus. At the same time there is minor involve- 
ment of the hilar lymph nodes. Spontaneous re- 
gression of these lesions occurs within two to four 
months. Usually very little in the nature of a 
cellular process may be discerned after six months. 
The disease usually does not spread to form con- 
fluent or multiple lesions. It never kills the animal, 
and it does not spread below the diaphragm, i. e., 
to the liver, to the spleen, or to the hepatic lymph 
nodes, unless the animal is a rare “sport” and is 
unduly susceptible to the infection. 

To infect the guinea pigs a suspension of cultured 
bacilli is prepared, and by means of a De Vilbiss 
atomizer a mist of the suspension is sprayed into 
the breathing zone of the animal, which then in- 
hales the mist. The dosage employed in the present 
studies was six puffs of the atomizer and the nearly 
clear suspension used was prepared by centrifuga- 
tion and filtration so that there were 15 to 20 iso- 
lated bacilli in each oil-immersion field. No more 
than an occasional small clump was present. 

A series of 25 guinea pigs was thus infected 
and immediately thereafter placed in the room in 
which the Degussa dust was being disseminated. 
The animals were then killed at two-month intervals 
in order to observe the reciprocal influence of the 
tuberculous infection and the dust reaction on one 
another. This constituted the simultaneous-phase 
study. In addition, 26 guinea pigs were infected 
with the same batch of R1Rv tubercle bacilli and 
the lesions were allowed to regress spontaneously 
for two months, four months, and six months, 
respectively, before the animals were placed in the 
dust chamber. The purpose of this experiment was 
to determine whether the Degussa dust would re- 
activate a tuberculous process which had become 
dormant. This represented the reactivation phase 
study. A third necessary component of this experi- 
ment was to infect guinea pigs with the tubercle 
bacilli but not to expose them to the Degussa dust. 
This served as a control study. The animals which 
were not infected but had been exposed to dust 
served as a further control. The reaction to the 
Degussa dust alone has already been described 
elsewhere.* A third control was afforded by a study 
of the response of infected guinea pigs which had 
been placed in a chamber in which quartz dust was 
being disseminated. 

All animals were skin-tested after approximately 
six weeks in order to determine whether the 
tuberculosis had indeed been initiated. It has 
occasionally happened that, although tubercle 
bacilli were presumed to have been introduced, none 
had established lesions in the lung. The occurrence 
of a typical cutaneous reaction to 0.1 cc. of 3% 
Old Tuberculin, read after 48 hours, is considered 
adequate proof that infection has taken place; hence 
if an animal subsequently shows no tuberculous 
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lesions when killed proof exists, nevertheless, that 
it had been infected but has recovered. With the 
exception of only two animals all the guinea pigs 
of the present series exhibited positive reactions 
to the Old Tuberculin, showing that the tuberculous 
infection had been effected. 

After several months of following the course of 
the reaction, it was noted that the tuberculous 
process in the control series was unusually limited. 
This meant that the tubercle bacilli used had come 
from a batch that had become excessively avirulent. 
This is not an uncommon experience. Even the 
R1Rv dissociate of the R1 strain of tubercle bacilli 
varies periodically in its capacity to provoke disease 
in the guinea pig. 

As the Degussa dust did not seem to stimulate 
the tuberculous process as significantly as had 
previously been found to be the case with other 
amorphous silica dusts studied, and as the result 
in the series of infected guinea pigs placed in the 
quartz room was not yet known, it was not clear 
whether the bacilli had perhaps lost so much of 
their capacity to produce disease that they were 
incapable of reacting even in the presence of a dust 
which would theoretically be capable of promoting 
the tuberculous process. The whole infection pro- 
cedure, excluding the reactivation phase, was there- 
fore repeated using a fresh culture batch. In 
this second simultaneous phase study 16 guinea 
pigs were used, while 14 more served as infection 
controls. A simultaneously conducted study explor- 
ing the effect of inhaled Fiberglas dust on the 
course of tuberculosis utilized the same culture 
batch and served as a further external control. 
By very careful comparison of lesions from all 
these experiments and the application of unusually 
exacting criteria, the capacity of inhaled Degussa 
submicron amorphous silica dust to influence ex- 
perimentally induced pulmonary tuberculosis could 
be satisfactorily gauged. The results obtained have 
been summarized in Tables 1 to 3 and Figures 1 
to 4. 


Control Series 


There were several macroscopically de- 
tectable small subpleural tubercles in the 
earlier months (Table 1). These decreased 
in numbers and in size, and ultimately, in 
the latter months of the period of observa- 
tion, no tubercles could be found in some 
instances. Occasionally some scars from 
preexisting tuberculosis persisted in a 
number of these later animals. The animals 
were observed over a period of 24 months, 
so that there is certainty that there was no 
spontaneous reactivation of the tuberculosis 
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TABLE 1—The Course of Tuberculusis Induced in Guinea Pigs by Infection with 
ubercle Bacilli of the R1IRv Strain 
Control study: infection only; animals not exposed to dust 


Pulmonary Lesions Dissemination 
Guinea Survival Tuber- Mode Arrested Spread- a Mural Necro- Fibro- Pulmonary Hepatic 

Pig After eulin of Tuber- ing oi Infil- sisor sis Lymph Nodes Lymph Spleen 
No. Infee- Reaction Death cles* Tuber- Hyper- tration Casea- ———~—_——_—~ Node 

tion, culosis plasia tion Tuber- 

Days plasia culosis 

Results in a series of 34 guinea pigs 

132 ++++ Killed 10 + 
133 60 +++ Killed 3 + + + 
134 135 Killed y ++ + ++ ++ + 
135 135 Killed 5 + - ++ + 
136 180 Killed 1 + +++ ++ 
137 180 Killed 6 + + + ++ + 
138 240 Killed 5 + + +++ 
139 240 Killed 6 + ++ ++ ++ + 
140 300 +++ Killed 2 + ++ +r + 
141 + Killed 3 ++ + ++ 
142 365 ++++ Killed 2 + ++ ++ + +++ ++ 
143 365 ++++ Killed ++ + ++ 
144 420 +++ Killed 2 + ++ ++ + Tr + 
145 420 +++ Killed 3 ++ 
146 450 TTT Killed + ++ + + ++ 
147 450 ++++ Killed 1 + +4 + 
148 480 +++ Killed 1 
149 480 be Killed 1 + ++ 
150 480 ++++ Killed 1 ++ 
151 480, ++++ Killed 1 +4 
162 540 +++ Died + 
152 545 +++ Killed 1 Zs + ++ + 
153 545 ++++ Killed + ++ 
154 630 +++ Killed 1 + ++ +++ ++ 
155 630 ++++ Killed + 
156 730 ++++ Killed 2 ++ 
157 730 ++++ Killed ame 
158 730 +++ Killed +4 
159 730 ++++ Killed 1 ++ +44 
160 730 ++++ Killed a+ 
161 730 ++++ Killed oe 
163 730 ++++ Killed 4 + ++ 
164 730 ++++ Killed 2 +4 
165 730 ++++ Killed 


Results in an additional 14 guinea pigs with which the experiment was repeated 


112 60 ++++ Killed 2 


113 60 ++++ Killed 2 ++ 
114 120 ++++ Killed 1 

115 120 +++ Killed 1 + ++ 
116 180 ++++ Killed 3 ++ 
117 180 Killed 

118 186 +++4+4 Killed 3 + 
119 240 ++++ Killed ++ 
120 240 ++++ Killed 2 ++ 
123 270 +++ Killed 

140 300 ++++ Killed 1 + 
142 300 +++ Killed + 


143 300 ++++ Killed 1 
144 300 ++++ Killed 1 


++ 
+++ +++ 


+ + +++ +++ 
+ 
++ ++ ++ ++ 
++ +++ 
+ ++ + 
+ ++ + 

+ 

+ ++ 

+t ++ 


Symbols: + slight reaction; ++ moderate reaction; +++ marked reaction; +++-+ extreme reaction. 


* Macroscopically detectable. 


in this series. Only one animal (No, 162) 
died during the second year of the study. 
The cause was unrelated to the tuberculosis. 
When the experiment was repeated on the 
additional 14 guinea pigs, there were even 
fewer macroscopically detectable subpleural 
tubercles. 

On microscopic examination, pulmonary 
tubercles were very scarce in both the orig- 
inal and the repeat series. Only very rarely 
was there any marginal spread of individual 
tubercles, and necrosis or caseation were 
uncommon features and limited in extent. 


Schepers et al. 


In the lung the dominant reaction took the 
form of lymphoid follicle hyperplasia and 
focal mural cellular infiltration. The latter 
may have represented abortive tubercles. 
Fibrosis appeared in the tubercles at an early 
stage. Both fibrocytes and collagen bundles 
were present and occurred among the epi- 
thelioid cells and marginally as a capsular 
condensation. 

The tracheobronchial lymph nodes reacted 
moderately strongly in all animals. Cortical 
hyperplasia occurred in all, and individual 
tubercles could usually be found. As in the 
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Control Series. Animals Infected with RIRv Tubercle Bacilli But Not Exposed to Dust 

A, abortive tubercle formation in lung: Guinea pig 1230-132; two months after infection 
with R1IRv tubercle bacilli; hematoxylin and eosin; reduced about 22% from mag. xX 160. 

B, classical pulmonary tubercle provoked by the R1Rv tubercle bacillus: Guinea pig 1259- 
112; two months after infection with R1IRv tubercle bacilli; hematoxylin and eosin; reduced 
about 22% from mag. X 260. 

C, epithelioid cell tubercle in cortex of hilar lymph node: Guinea pig 1230-134; four 


months after infection with R1Rv tubercle bacilli; hematoxylin and eosin; reduced about 22% 
from mag. X 160. 


D, classical lymph node tubercle provoked by the RIRv tubercle bacillus: Guinea pig 1259- 
113; two months after infection with R1IRv tubercle bacilli; hematoxylin and eosin; reduced 
about 22% from mag. X 260. 

E, abortive tubercle formation in lung with eosinophilia: Guinea pig 1230-115; four months 
after infection with R1IRv tubercle bacilli; hematoxylin and eosin; reduced about 22% from 
mag. X 160. 

F, subpleural encapsulated semicaseous resolving tubercle: Guinea pig 1230-144; 14 months 
after infection with R1Rv tubercle bacilli; hematoxylin and eosin; reduced about 22% from 
mag. X 150. 
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case of the lung, these tubercles attained a 
limited degree of histological evolution, did 
not undergo necrosis, and showed a ten- 
dency toward early healing. In the 14 ani- 
mals of the second experiment the lymph 
node reaction was even greater than that 
seen in the first experiment. 

There was very limited dissemination to 
extrathoracic organs. The hepatic lymph 
nodes contained abortive tubercles in a few 
animals, and the spleen was involved to a 
limited degree in one animal only. 

The tubercles discovered in the lungs dif- 
fered in a variety of respects from those 
which the RIRv bacillus ordinarily is capable 
of provoking in the guinea pig. Thus the 
abortive type of tubercle shown in Plate I 4 
is considerably more limited in its extent 
than is usually found two months from the 
date of infection (Plate I B). It lacks 
proper epithelioid-cell reaction, has under- 
gone no necrosis, and exhibits very poor 
peripheral organization into the multiple 
cortical zones associated with the standard 
reaction. 

In the lymph node too the type of reaction 
observed at the two-month stage (Plate I C), 
although more advanced than the equivalent 
pulmonary lesion, lags far behind the stand- 
ard reaction associated with the RI bacillus 
(Plate I D). Epithelioid cells have formed 
and isolated giant cells are present, but there 
is no tendency toward central necrosis or the 
formation of a fibrocellular capsule. 


After a further two months the pulmonary 
lesions displayed an additional feature of 


considerable interest. Around the abortive 
tubercles, eosinophilic leukocytes occupied 
many of the alveolar spaces (Plate I E). 
A few eosinophils had even penetrated the 
substance of the tubercle. We have noticed 
this type of reaction not uncommonly in 
infection experiments with attenuated 
strains of tubercle bacilli. Often such eosin- 
ophilia also affects the hilar lymph nodes, 
but this did not occur in the present instance. 

In spite of the limited response during 
the first six months, which usually represents 
the period during which the RI tuberculous 
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reaction reaches its acme and again subsides, 
the infection in the present experiment ap- 
parently smoldered on. Consequently, it was 
surprising to find that 14 months after the 
infection had been introduced, central ne- 
crosis and caseation of previously formed 
epithelioid cells with surrounding lymphoid 
infiltration and fibrous encapsulation was 
still possible (Plate I F). This reaction, 
however, represented the maximum achieved 
during the experiment. At the end of the 
second year only very limited foci of cellu- 
lar proliferation or irregular collagen scars 
could be discovered. In the lymph nodes 
the lesions had meanwhile regressed without 
necrobiosis or fibrosis. Attention is drawn 
to animal No. 117 in the second group, in 
which the tuberculin reaction was negative. 
In this guinea pig there were no signs of 
tuberculosis, indicating that no infection had 
taken place. 


Simultaneous Phase 


Within a few months after the guinea pigs 
had been placed in the dust room, after 
infection with the RI tubercle bacilli, it 
became apparent that the tuberculous re- 
sponse had been appreciably enhanced. This 
was more noticeable in the second series of 
animals. The detailed observations on all 
these guinea pigs have been assembled in 
Table 2, and the main trends are graphically 
summarized in Figures 1 and 2. Various 
features of the histological responses in the 
lungs and in the lymph nodes are portrayed 
in Plates IT and III. 

The pulmonary reaction, more particu- 
larly, was divisible into a tuberculous phase 
and a pneumoconiotic phase. During the 
first half of the period of study the infective 
reaction predominated in each of the two 
separately infected groups. The pneumo- 
coniotic response prevailed later. These 
differences are brought out clearly in Table 
2, which should be read in conjunction with 
Table 1. 

Tuberculous Response.—Except that sev- 
eral of the macroscopically discernible tu- 
bercles were somewhat larger than in the 
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Fig. 1—The influence of inhaled Degussa amorphous silica dust on the course of experi- 
mentally-induced pulmonary tuberculosis. Two studies using R1 tubercle cultures of different 
virulences. Simultaneous phase: A, quartz dust+R1 tuberculosis; B, Degussa dust+Rl1 (i) 
tuberculosis; C, Degussa dust+R1 (ii) tuberculosis; D, control RI (i) tuberculosis only; 
E, control R1 (ii) tuberculosis only. The severity of the tuberculous reaction in guinea pigs 
infected with the M. tuberculosis var. RIRv has been plotted against an arbitrary percentile 
scale as a function of elapsed time since the moment of infection. Two culture batches of the 
RIRv tubercle strain were used: One yielded an immediate but transient, and the other a 
retarded but prolonged, self-limiting tuberculous response in animals never exposed to dust. 
Im guinea pigs which, immediately after infection, were placed in a dust room in which a 
concentration of Degussa submicron amorphous silica dust (Dow Corning Silica) of about 
1.5 mg. per cubic foot of air was maintained, the tuberculous response was slightly enhanced. 
The tissue reaction for each of the two culture batches followed a course comparable to that 
seen in the animals which were not exposed to dust. The course of the tuberculosis in guinea 
pigs which inhaled quartz dust was progressive and ultimately fatal. 
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Fig. 2—The influence of experimentally-induced pulmonary tuberculosis on the pneu- 
moconiotic reaction. Simultaneous phase: 4, quartz dust+Rl1 tuberculosis; B, quartz dust 
only; C, Degussa dust+R1 (i) tuberculosis; D, Degussa dust+R1 (ii) tuberculosis; E, 
Degussa dust only. The graphs in this diagram represent the course of the pneumoconiotic 
reaction in the same guinea pigs referred to in Figure 1. The pneumoconiosis was moderately 
enhanced. Lesions provoked by quartz dust, on the contrary, rapidly attained lethal severity 
in the presence of tuberculosis. 
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The Influence of Simultaneous Exposure to Degussa Submicron Amorphous Silica Dust 
Dow Corning Silica) on the Course of R1 Tuberculosis 

A, incipient epithelioid and giant cell tubercle in lung: Guinea pig 1230-81; inhaled Degussa 
dust for two months following infection with R1Rv tubercle bacilli; hematoxylin and eosin; 
reduced about 25% from mag. X 150. 

B, caseous, partly excavating center of expanded pulmonary tubercle: Guinea pig 1230-271; 
inhaled Degussa dust for two months following infection with R1Rv tubercle bacilli; hema- 
toxylin and eosin; reduced about 25% from mag. X 150. 

C, caseation in center of tubercle in hilar lymph node: Guinea pig 1230-272; inhaled 
Degussa dust for two months following infection with R1IRv tubercle bacilli; hematoxylin 
and eosin; reduced about 25% of mag. X 25. 

D, partly calcified encapsulated pulmonary tubercle: Guinea pig 1230-286; inhaled Degussa 
dust for 13 months following infection with R1IRv tubercle bacilli; hematoxylin and eosin; 
reduced about 25% from mag. x 65. 

E, pleural hematoma communicating with excavating pulmonary tubercle: Guinea pig 
1230-99; inhaled Degussa dust for 21 months following infection with R1Rv tubercle bacilli; 
hematoxylin and eosin; reduced about 25% from mag. X 60. 

F, excavation in caseous center of encapsulated pulmonary tubercle: Guinea pig 1230-103; 
inhaled Degussa dust for 24 months followirg infection with R1Rv tubercle bacilli; hema- 
toxylin and eosin; reduced about 25% from: mag. X 130. 
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controls, the data obtained at autopsy were 
as yet inconclusive. The first sign that the 
Degussa dust was influencing the course 
of the tuberculous process adversely came 
with the histological examination of the 
tissues. In the first group of guinea pigs 
the clearest indication of this change at the 
two-month stage consisted of the greater 
prevalence of epithelioid cells in the centers 
of the tubercles, the occurrence of occasional 
giant cells, and the incipient arrangement of 
the peripheral cells into the zones charac- 
teristic of classical tuberculosis ( Plate I] 4). 
At the equivalent stage of the reaction in 
the second experiment the lesions were ap- 
preciably more advanced, caseation and cen- 
tral excavation having commenced within 
the center of a broad epithelioid cell zone 
(Plate II B). At the two-month stage the 
tuberculous process also was more advanced 
in the lymph nodes of the second series of 
infected guinea pigs than in the nodes of the 
first series or of the control animals. The 
most distinctive features comprised extensive 
colliquative necrosis and caseation, with 


commencing cavitation, within areas of epi- 
thelioid reaction which were 
from the hyperplastic lymphoid tissue by a 
definite fibrocellular capsule (Plate II C). 


demarcated 


Not only were the individual tubercles 
thus exaggerated in the lung parenchyma 
and in the lymph nodes, but the concomitant 
lymphoid hyperplasia and focal mural infil- 
tration were appreciably increased. The 
tracheobronchial lymph nodes were more 
hyperplastic, although this may have been 
partly due to the inhaled dust. Tubercles 
were more prevalent, somewhat larger, and 
more frequently necrotic or caseous in these 
nodes. The tuberculous process had also 
spread to the hepatic lymph nodes in a 
larger number of animals than in the control 
guinea pigs. There were tubercles in the 
spleen in two animals and in the liver in one. 

At the end of a year the tuberculous proc- 
ess had virtually died down in the animals 
of the second series. Resolving lesions 
which persisted in the final batch of guinea 
pigs from this series, which were killed after 
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400 days of dust exposure, still betrayed 
their previously augmented character in the 
guise of extensive caseation now thoroughly 
encapsulated and undergoing calcification 
(Plate Il D). In the first series of guinea 
pigs the phase of stimulation of the tuber- 
culosis was prolonged until about the 15th 
month. Until this stage the majority of the 
tubercles discovered in a midcoronal section 
of both lungs showed limited local spread or 
manifested slight necrobiosis. Occasionally 
such tubercles proved capable of producing 
potentially serious complications, such as 
bronchial obstruction or pleurisy (Plate 
Il E). After the 15th month a decisive 
change for the better could be perceived. 
Occasionally an efflorescent tubercle with 
much caseation could still be discovered 
(Plate II F), but the majority of the lesions 
had acquired good capsules and regression 
of the cellular and degenerated tissue was 
in evidence. Although the general appear- 
ance of the tuberculous process indicated 
that a phase of quiescence had been reached, 
the individual lesions were all somewhat 
more prominent than in those of the control 
series. 

The graphs of Figure 1 indicate the rela- 
tive seriousness of the degree of stimulation 
of the tuberculous process which had been 
imparted by the simultaneous inhalation of 
the Degussa dust. Expressed in the broad- 
est of terms, it may be inferred that the 
tuberculous process had been increased by 
about 50%. The disease, however, preserved 
its self-limiting propensity. In comparison 
with the rapidly progressive and ultimately 
lethal influence of inhaled quartz dust on 
the course of the RI tuberculosis, the tuber- 
culous inflammatory process provoked in 
the presence of the submicron amorphous 
silica dust might be categorized as being of 
moderate severity only, the control response 
to infection with the RI bacillus in guinea 
pigs never exposed to dust being of slight 
severity. 

Pneumoconiotic Reaction. — Indications 
that the pulmonary reaction to the inhaled 
dust was being accentuated by the concomi- 
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Plate III 


The Effect of the Tuberculous Infection on the Pneumoconiotic Reaction. Simultaneous 
Phase: Degussa Submicron Amorphous Silica Dust (Dow Corning Silica) and R1 Tuberculosis 

A, incipient augmentation of pneumoconiotic lesion: Guinea pig 1230-88; inhaled Degussa 
dust for eight months following infection by inhalation with RIRv tubercle bacilli; hema- 
toxylin and eosin; reduced about 25% from mag. X 60. 

B, multiple peribronchiolar hyperplastic infected pneumoconiotic lesions: Guinea pig 1230- 
282; inhaled Degussa dust for 12 months following infection with R1IRv tubercle bacilli; 
hematoxylin and eosin; reduced about 25% from mag. x 50. 

C, near confluence of hyperplastic peribronchiolar pneumoconiotic lesions: Guinea pig 
1230-98; inhaled Degussa dust for 18 months following infection with R1Rv tubercle bacilli; 
hematoxylin and eosin; reduced about 25% from mag. xX 35. 

D, confluent hyperplastic peribronchiolar pneumoconiotic lesions: Guinea pig 1230-103; 
inhaled Degussa dust for 24 months following infection with R1IRv tubercle bacilli; hema- 
toxylin and eosin; reduced about 25% from mag. X 50. 

E, adenomatoid distortion of alveolar ducts by chronic mural infiltrates and fibrosis: 
Guinea pig 1230-101; inhaled Degussa dust for 24 months following infection with R1IRv 
tubercle bacilli; hematoxylin and eosin; reduced about 25% from mag. X 130. 

*, macrophage and giant cell invasion of pulmonary lymphoid follicle: Guinea pig 1230- 
104; inhaled Degussa dust for 24 months following infection with R1Rv tubercle bacilli; 
hematoxylin and eosin; reduced about 25% from mag. X 300. 
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tant tuberculosis first became manifest in 
an animal killed at the end of eight months 
in the dust room. Immediately prior to this 
stage, it was noted that occasional tubercles 
had formed in close proximity to the peri- 
bronchiolar foci of reaction to the dust 
without modifying the latter to any appre- 
ciable extent. At the eighth month, how- 
ever, several of the pneumoconiotic foci 
clearly showed incipient augmentation, prin- 
cipally of the mural proliferation between 
the alveoli filled with macrophages and giant 
cells (Plate III A). It was noted too that 
the tendency toward the formation of intra- 
alveolar multinucleated giant cells was di- 
minished. 

The pneumoconiotic lesions subsequently 
evolved in a manner entirely different from 
the course of events in the guinea pigs which 
had been exposed to the Degussa dust but 
had not been infected. Not all parts of the 
lungs were, however, equally affected. Large 
numbers of unit lesions acquired a consoli- 
dated character. In the central portions of 
these foci the majority of the alveoli had 
lost their koniophores and had become atelec- 
tatic, probably mainly through interstitial 
mural proliferation. Many such airless, 
cellular nodules could be seen to surround 
somewhat dilated and distorted bronchioles 
which, in many cases, were choked with 
cellular débris (Plate IIT B). 

During the second year some of the 
pneumoconiotic lesions continued to advance 
even though the tuberculous infection had 
commenced to recede. Through the con- 
tinued marginal proliferation of peribron- 
chiolar foci the pulmonary parenchyma 
between adjacent lesions became progres- 
sively involved, so that many of the com- 
ponent lesions were fused into conglomerate 
cellular masses (Plate III C). At yet later 
stages the degree of confluence of individual 
peribronchiolar lesions became so marked 
that it was often difficult to distinguish com- 
ponent nodules within fairly extensively 
consolidated portions of the lung (Plate 
III D). 
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Many parts of the lung, fortunately, 
escaped progressive conglomerate pneumo- 
coniosis. It may be noted that none of the 
guinea pigs died as a result of the pulmo- 
nary processes. Clearly, sufficient lung tissue 
survived to sustain adequate respiratory 
functions, and whatever metabolic disturb- 
ance accompanied the formation of the pro- 
liferative lesions was insufficient to influence 
seriously the survival of the affected animals. 
It should be noted particularly that necro- 
biosis was not a conspicuous feature within 
these expanded lesions. A certain amount of 
collagen, however, was laid down within 
them. 

In addition to the hyperplastic infected 
peribronchiolar unit lesions, several minor 
indications of an enhanced pneumoconiotic 
reaction could be found. At multiple points 
the bronchioles displayed marked distortion 
with the formation of multiple mucosal 
crypts and rugae. Epithelium overflowed 
into these recesses and, in several instances, 
an adenomatoid type of lesion resulted 
(Plate III E). Such lesions were commoner 
toward the end of the second year of simul- 
taneous infection and exposure to the dust. 

The hilar lymph nodes exhibited a reduced 
rather than an enhanced reaction to the in- 
haled submicron dust. Lesions discovered 
here were almost purely tuberculous in 
character. In the lung itself many of the 
lymphoid follicles contained macrophages 
and giant cells in moderate numbers ( Plate 
Ill F). Many of these lymph follicles re- 
mained unaffected, the initial hyperplasia 
having subsided progressively during the 
second year of the experiment. Quite clearly, 
therefore, the infective and pneumoconiotic 
processes were being confined to the peri- 
bronchiolar parenchymal sites. It may be 
inferred that the dissemination of the disease 
process had been effectively limited by occlu- 
sion of many of the lymph sinuses. 

The over-all pneumoconiotic response has 
been graphically summarized in Figure 2. 
If the total ultimate pneumoconiotic reac- 
tion in uninfected animals be defined as a 
disease process of slight severity, the lesions 
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produced in the infected guinea pigs after was postponed for several months, it has 
two years of continued exposure to the usually been our experience to find some 
Degussa dust should be graded as being of measure of reactivation of the tuberculous 
moderate severity. The end-result was inter- process if the dust was capable of stimu- 
mediate in degree between the response in lating tuberculosis during the simultaneous 
uninfected guinea pigs exposed to Degussa phase type of experiment. In the present 
dust and a normal silicotic process induced instance the opposite result proved true, for 
by inhaled quartz dust in uninfected guinea the tuberculous lesions ultimately subsided 
pigs. It by no means approximated the even more certainly than happened in the 
extreme severity of the invariably fatal control animals (Table 3 and Fig. 3). 

silicotuberculosis which ensues in guinea pigs 
exposed by inhalation to quartz dust and 
then infected with R1 tubercle bacillus. 


In only two animals of the group of 
guinea pigs which were placed in the dust 
room two months after the infection had 
been induced were there signs of limited 
marginal spread of the tubercles that formed 

Tuberculous Response.—In previous ex- within the first two months after dust ex- 
periments conducted at the Saranac Labora- posure had started. A little necrosis and a 
tory with the RI tubercle bacillus, in which minimal amount of caseation were observed 
the subsequent period of residence of in- in these lesions. There was moderate hyper- 
fected guinea pigs in a dusty environment  plasia of the lymph nodes, and several epi- 


Reactivation Phase 


TaBLe 3.—The Influence of Inhaled Degussa Submicron Amorphous Silica Dust on 
the Course of Experimentclly Induced Tuberculosis in Guinea Pigs 
(Dow Corning Silica) 
Reactivation phase: animals, after receiving their tuberculous infection, were allowed 
to live in a normal environment for a period of two to six months 
before they were exposed to the dust 


Pulmonary Lesions Dissemination 
Guinea Raponate Tuber- Mode Arrested Spread- Lymph- Infiltra- Necro- Aggrava- Inhibi- Pulmonary Hepatic 
Pig to Dust, —eulin of Tuber- ing oi tionof sisor tionof  tionof Lymph Lymph 
No. Days Reaction Death cles*  Tuber- Hyper- Alveolar Fibro- the the Nodes odes 


culosis plasia Walls sis Pneumo- Pneumo- 
coniosis coniosis Hyper- Tuber- 
plasia culosis 


Exposure of the animals to dust was started 60 days after infection. 


6 Killed +4 
107 75 ++++ Killed 3 
108 120 ++++ Killed 1 «+++ 
109 120 +++ Killed + + +++ 
110 2440 Killed 1 + > +++ + ++ 
111 240 +++ Killed 1 ++ +++ + 
112 365 ++++ Killed 3 + ++ +4 ++ 
113 365 +++ Killed 1 + +4 
114 365 ++4+++4 Killed 5 

5 362 Killed 3 + 


Exposure of the animals to dust was started 135 days after infection. 


6 Killed 2 +++ + 

120 ++++ Killed 4 ++ + + + 

118 225 ++++ Killed 3 ++ + 
19 225 ++++ Killed 1 

120 350 +++ Killed 2 + + ++ ++ 

121 350 Killed +++ ++ 

122 350 +++ Killed 1 

128 350 +++ Killed 1 + + 


Exposure of the animals to dust was started 180 days after infection. 


126 120 Tt 


+ ++ 


+ 


Symbols: + slight reaction; ++ moderate reaction; +++ marked reaction; ++++ extreme reaction. 
* Macroscopically detectable. 
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thelioid tubercles were found within their 
cortices. 

Subsequently, the tubercles which oc- 
curred in the guinea pigs proved to be fewer 
in number than in the control series, and 
individual tubercles exhibited progressive 
resolution without necrosis or capsular or 
interstitial fibrosis. The accompanying 
lymphoid hyperplasia and focal mural cellu- 
lar infiltration was equally evanescent. In 
the lymph nodes the tuberculosis endured a 
little longer, but individual lesions remained 
immature. 


ACTION 


In the series of guinea pigs which were 
placed in the dust room four months after 
the tuberculous infection had been intro- 
duced there was no evidence of local spread 
of individual tubercles. Focal necrosis was 
observed in a few of these lesions, but this 
process did not reach the degree of casea- 
tion observed at equivalent stages in the 
control animals. The lymphoid reaction in 
the pulmonary parenchyma and the focal 
mural cellular infiltrations were both less 
pronounced than in the control group. A 
fairly decisive measure of cortical hyper- 


A 


TUBERCULOUS RESPONSE AFTER 2 MONTHS 


INFECTION 


2+———DUST EXPOSURE STARTED 


TUBERCULOUS RESPONSE AFTER 4 MONTHS 
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TUBERCULOUS RESPONSE AFTER 6 MONTHS 
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Fig. 3—The effect of inhaled Degussa amorphous silica dust on the course of experi- 


mentally-induced pulmonary tuberculosis. 


Guinea pigs infected with RI tuberculosis and 


exposed to dust after lapse of variable intervals. Reactivation phase. Only in guinea pigs 
which were placed in the dust room within two months from the date of infection was there 
an initial aggravation of the tuberculous response. After four months of residence in the dust 
room the infective process had reached a degree of subsidence in excess of that attained in 
guinea pigs which remained in a normal environment. The tuberculous response was inhibited 
from the start in guinea pigs which inhaled the Degussa dust four months and six months, 
respectively, from the time of infection with the RIRv tubercle bacilli. 
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plasia occurred in the tracheobronchial 
lymph nodes, but fewer tubercles were dis- 
covered here than in the controls. 

Similar suppression of the tuberculous 
process was demonstrable in the series of 
guinea pigs which were exposed to the 
Degussa dust six months after being in- 
fected with RI tuberculosis. The majority 
of the lesions discovered soon were found 
to be in a state of resolution, while features 
such as lymphoid hyperplasia and mural in- 
filtration remained in abeyance. 

The degree of suppression of the tubercu- 
lous process has been graphically summar- 


50 


ized in Figure 3. Only in the first group, 
in which the dust exposure commenced 
shortly after the date of infection, was there 
any reactivation. The resultant lesions were, 
nevertheless, more limited than are those 
customarily observed in guinea pigs infected 
with cultures of the RI bacillus of standard 
virulence. In such animals the peak reac- 
tion usually occurs between the second and 
the fourth month from the date of infection 
and reaches a level of severity equivalent 
to the 25th percentile along the arbitrary 
scale used in these diagrams. The prompt 
subsidence of the tuberculous lesions in the 
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Fig. 4—The influence of experimentally-induced pulmonary tuberculosis on the pneumo- 


coniotic reaction caused by inhaled Degussa amorphous silica dust. Reactivation phase : 
Degussa dust only; B, exposure started 2 months after infection; C, exposure started 4 


J 


months after infection; D, exposure started 6 months after infection. The graph illustrates 
the point that in guinea pigs continuously exposed by inhalation to Degussa submicron 
amorphous silica dust two months, four months, and six months, respectively, after being 
infected with RIRv tubercle bacilli, there is initial augmentation of the pneumoconiotic re- 
sponse with terminal inhibition of the development of the dust-provoked pulmonary lesions. 
The earlier the animals were placed in the dust room after the infection was introduced, the 
greater was the initial degree of stimulation of the pneumoconiotic process. 
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present instance is also out of character 
with the usual course of events in animals 
which are exposed to dust. Depression of 
the degree of the tuberculous response be- 
low the level of reaction attained in the 
control group has not previously been en- 
countered in our experiments with the ef- 
fects of inhaled dusts in infected guinea pigs. 


Pneumoconiotic Reaction.—At various in- 
tervals after infection with RI tuberculosis 
had been effected, the pneumoconiotic phase 
of the reaction of the guinea pigs to the 
inhaled Degussa dust was found to be di- 
rectly comparable to the manner in which 
the tuberculous process itself developed 
(Table 3 and Fig. 4). In the group of 
guinea pigs which were placed in the dust 
room two months after they had been in- 
fected, transient aggravation of the pneu- 
moconiotic response could be observed over 
the succeeding period of about eight months. 
Thereafter the dust reaction failed to de- 
velop further and even appeared to be 
decreasing. These two phases of alternating 
augmentation and inhibition of the pneumo- 
coniosis are drawn in Figure 4 as a graph 
which intersects the curve of the normal rate 
of development of the tissue response to the 
inhaled Degussa dust in uninfected guinea 
pigs. 

The experiment in which the period of 
exposure to the Degussa dust commenced 
four months after the date of infection with 
RI tubercle bacilli, produced similar initial 
minimal increase in the degree of the 
pulmonary reaction to the dust, with a subse- 
quent period during which the pneumo- 
coniotic process was moderately to markedly 
inhibited as compared with the course of 
events in uninfected guinea pigs. During 
the third component study in the reactiva- 
tion phase experiment, the severity of the 
dust reaction was found to diminish pro- 
gressively in animals killed after the sixth 
month of residence in the dust room follow- 
ing the six-month interval between infection 
and commencement of the dust exposure. 
During the initial six months after the 
guinea pigs had started to live in the dust 
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environment there were barely discernible 
differences between the pneumoconiotic le- 
sions which developed respectively in the 
infected and in the uninfected guinea pigs 
(Table 3 and Fig. 4). 


Comment 


The results obtained during the course 
of this inquiry into the reciprocal influence 
exerted on the infective process and the 
pneumoconiosis by tuberculous infection in 
guinea pigs exposed to Degussa submicron 
amorphous silica dust yielded several points 
of fundamental interest. 


It is of practical importance to note that 
in the simultaneous phase experiment the 
stimulation of the tuberculous process 
preceded the phase during which the pneu- 
moconiotic reaction was significantly aug- 
mented. Indeed, the tuberculous phase had 
almost run its full course before the dust 
lesions had evolved to more than the phase 
of incipiency. By virtue of this observation 
the enhanced tuberculous response can 
scarcely be classified as a complication of 
the superimposed pneumoconiosis. It is, in- 
stead, a direct effect of the deposition of the 
siliceous dust in the pulmonary tissues. 

This observation in respect of the Degussa 
dust does not stand alone. In a study on 
the biological action of inhaled volcanic glass 
dust, previously conducted by us at the 
Saranac Laboratory, marked stimulation of 
the tuberculous process ensued but no pneu- 
moconiotic lesions resulted. We have also 
demonstrated the reverse, namely, the in- 
duction of pneumoconiosis without aggra- 
vation of the tuberculous response in 
infected guinea pigs exposed to various 
dusts (beryllium oxide, graphite, etc.). The 
dusts which contain free silica, whether in 
the crystalline or the amorphous molecular 
form, are evidently capable of stimulating 
tuberculosis merely by their presence in the 
lung tissue and not necessarily only as a 
result of the formation of mature pneumo- 
coniotic lesions. 

The practical significance of this observa- 
tion encroaches on the terrain of medical 
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jurisprudence. Many courts and workmen's 
compensation tribunals reject all claims of 
a causal connection between significant ex- 
posures to dusts containing high proportions 
of free silica and the supervention of tuber- 
culosis in the industrial employee unless 
there are some indications of a precéding 
pneumoconiotic process. This issue has been 
thoroughly explored in various countries. 
In the United States the tendency has been 
to require the prior demonstration of a pneu- 
moconiosis before admitting causality in 
cases of tuberculosis in workmen who had 
been exposed to industrial dust. This con- 
cept was entrenched by the opinions ex- 
pressed at the Fifth Saranac Symposium.* 
In South Africa the compensability of tu- 
berculosis in rock miners has been a crucial 
judicial issue for the past seven decades. 
Originally the trend was to reject all com- 
pensation claims for tuberculosis, the disease 
being regarded as one of natural occurrence. 
In the prosecution of this policy many 
genuine cases of tuberculosilicosis and, un- 
doubtedly, also many cases of conglomerate 
silicosis were negated. Exhaustive subse- 
quent inquiries into the formidable problem 
of tuberculosis in Negro mine laborers, con- 
ducted by the South African government,® 
coupled with the experimental studies of 
Mavrogordato®* and Simson and _ Stra- 
chan,** firmly established the role of the 
inhaled siliceous dust in the genesis of tuber- 
culosis in rock miners. The pendulum ac- 
cordingly has swung to the opposite extreme, 
and it is the law today in the Union of South 
Africa ® that Negro miners who have worked 
one calendar month in a dusty atmosphere 
and white miners who have been so exposed 
to dust for one year shall receive compen- 
sation for such tuberculosis. In Negro and 
in white miners who have worked, respec- 
tively, for 8 and for 10 years prior to the 
development of the tuberculosis the scale of 
compensation is equated to that which is 
applicable to fourth-stage silicosis. 


While the present type of experiment 
with the amorphous silica dust lends some 
support to the concept of progressive tuber- 
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culosis as a primary result of exposure to 
siliceous dust, it poses the further medico- 
legal question of responsibility in the light 
of evidence that, although the tuberculosis 
was somewhat stimulated, it was not aggra- 
vated to a serious degree and was self- 
limiting in spite of continued dust exposure. 
While this may be strictly a legal question, 
it does seem to make practical medical sense 
that such a type of tuberculosis would not 
merit unrestricted workmen’s compensation. 
However, several further answers must be 
sought before a final opinion can be formu- 
lated on this issue. Thus, it would be im- 
portant to know whether the severity of the 
tuberculous response would have been dis- 
proportionately greater had an experimental 
strain of tubercle bacilli with somewhat 
greater virulence been used. Such a repe- 
tition of the infection study would also settle 
the question whether the disease would have 
remained self-limiting had a strain of 
greater virulence been employed. A further 
unsolved problem concerns the question 
whether cessation of dust exposure at any 
point after the tuberculous process had be- 
come aggravated would again have amelio- 
rated this condition. Inquiry should finally 
also be instituted to ascertain the effect of 
modern chemotherapeutic agents on this 
type of exaggerated tuberculous response. 

The foregoing considerations apply in 
some measure also to the augmented pneu- 
moconiotic process. Further experimentation 
may settle some of the questions which 
have been raised. Not only would it be 
important to establish, for instance, whether 
the dust lesions would be greater in the 
simultaneous phase experiment if a more 
virulent culture batch is used, but by the 
same token would it also be important to 
discover whether in the reactivation phase 
study the pneumoconiosis and the tubercu- 
losis will remain inhibited rather than 
stimulated. In view of the previously re- 
corded observations *''!* that the Degussa 
dust may exert an anti-inflammatory or anti- 
infective action in rats, guinea pigs, and 
rabbits, it would be interesting to observe 
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whether prior exposure to the dust will 
stimulate or inhibit a subsequently super- 
imposed tuberculous infection. 


Summary 


A series of 115 guinea pigs were infected 
by inhalation with the Mycobacterium 
tuberculosis var., RIRv. 

Of these animals, 48 served as controls. 
A second group of 41 guinea pigs was ex- 
posed to Degussa submicron amorphous 
silica dust (Dow Corning Silica) for pe- 
riods up to two years, exposure commencing 
immediately after infection (simultaneous 
phase). A third group of 26 guinea pigs 
was divided into three subgroups, and these 
subgroups, placed in the dust room at two- , 
four- , and six-month intervals after infec- 
tion, were observed for periods up to a year 
(reactivation phase). 

The inhalation of the Degussa dust tran- 
siently stimulated the infective process. This 
augmentation of the tuberculous response 
was slight and occurred primarily during 
the simultaneous phase experiment. 


The tuberculous infection progressively 
aggravated the pneumoconiotic process dur- 
ing the simultaneous phase experiment so 
that it attained moderate severity at the end 
of two years of continuous dust exposure. 


In the reactivation phase experiment both 
the tuberculous response and the pneumo- 
coniotic reaction were partly inhibited after 
initial transient stimulation. 

The medicolegal implications of these 
observations and their relationship to the 
problem of human silicosis and its tubercu- 
lous complication are reviewed. 

Suggestions are made concerning lines of 
research which should be further pursued to 
elucidate extant problems. 
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Experimental Infective Pneumoconiosis 


lV’. Massive Fibrosis of the Lungs Produced by Coal-Mine Dust and 
Mycobacterium Tuberculosis var. Muris (Vole Bacillus) 


E. J. KING, D.Sc.; M. YOGANATHAN, M.B.; C. V. HARRISON, M.D., and D. A. MITCHISON, M.D., 


London, England 


The presence of large amounts of dust 
in the lungs produces various forms of 
pneumoconiosis, some benign and some 
pathological. The dust particles of free 
silica (quartz, flint, etc.) and of asbestos 
have long been recognized to produce severe 
pathological changes in the lungs. The 
harmfulness of other dusts, various silicates 
such as tale and kaolin, coal, and graphite 
has equally long been in dispute. It is now 
generally recognized, however, that coal 
dust, even though it may contain only very 
small amounts of free silica, may be asso- 
ciated with, if not actually the cause of, 
severe and even fatal fibrosis of the lung.” 

That tuberculosis is very often the most 
serious complication of classical silicosis is 
well-known and is summed up in the dictum 
of Haldane* that “the disease is the same 
the world over and the end comes through 
tuberculosis.” The association of tubercu- 
losis with other pneumoconioses has not 
been so obvious. Coal-miners’ pneumo- 
coniosis is seen in two forms. Simple pneu- 
moconiosis is a condition of multiple focal 
accumulations of coal dust in the lung, 
without much fibrosis and with focal emphy- 
sema as its principal pathological manifes- 
tation. The x-ray appearance of the lung 
has been described as a lace-like pattern 
(reticulation, Hart and Aslett,4) and as fine 
mottling (simple pneumoconiosis, Fletch- 
er®). Apart from the breathlessness experi- 
enced by older men this condition is not 
very disabling and is not progressive if 
the subject is withdrawn from exposure to 
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a dusty atmosphere. “Progressive massive 
fibrosis” is the serious diabling form of 
coal-miner’s pneumoconiosis. It arises on 
a background of simple pneumoconiosis; 
it is manifested on the x-ray film by large 
opaque shadows and pathologically by large 
black densely fibrous masses in the lung. 
This complicated type of coal-miners’ pneu- 
moconiosis is believed to be caused by in- 
fection, usually tuberculosis, in a lun, 
already ridden with dust.2*7 There is very 
strong pathological evidence of tuberculosis 
in many lungs which come to autopsy. 
James demonstrated histologically and 
bacteriologically that 40% of 454 cases of 
massive fibrosis which he examined had 
an infective tuberculous element in their 
massive fibrotic lesions. Rivers et al.® have 
recently brought further evidence that 35% 
of 41 cases of progressive massive fibrosis 
were tuberculous. And there is strong pre- 
sumptive evidence for an infective factor 
in the lesions of those lungs where tubercu- 
losis is not actually demonstrated. 

The existence of a relationship between 
dusts and tuberculous infection has been 
shown by many experimental studies. 
Kettle,°"! Gardner,!2, Vorwald 
and Delahant,’* and Vorwald et have 
shown that tubercle bacilli, either dead or 
attenuated, produce proliferating lesions in 
the presence of silica. Gardner,!*  Poli- 
card,!® Sen,!7 and Vorwald et al.1® showed 
that a complication of the silicotic process 
in the lungs of animals was the reactivation 
of a latent tuberculous infection leading 
to progressive and fatal tuberculosis. Gard- 
ner '® showed that when tuberculous ani- 
mals inhaled carborundum dust, which is 
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inert and far less fibrogenic than silica, the 
self-limiting tuberculosis produced by the 
RI strain, which healed by resolution, was 
converted into a progressive tuberculous 
bronchopneumonia. Cummins *° and Atty- 
galle et al.*! found that when anthracite dust 
was combined with dead tubercle bacilli 
much larger and more cellular lesions re- 
sulted than with either alone, and Cummins 
suggested that these enhanced lesions were 
“due to the action of dust and bacilli acting 
together.” In the present series of experi- 
ments it has been seen that various strains 
of tubercle bacilli (BCG, 3073, and B) plus 
coal-mine dust produced far severer and 
more extensive lesions than did the bacilli 
per se or coal-mine dust alone.2*° These 
workers showed that coal dust per se pro- 
duced no pulmonary fibrosis. 

The vole bacillus (Mycobacterium tuber- 
culosis var. muris) was first discovered by 
Wells in 1937. Its pathogenicity for the 
usual laboratory animals was found to be 
low. Wells and Wylie *® pointed out that 
though the pathogenicity of the vole bacillus 
is low for laboratory animals and for man it 
is nevertheless considerably higher than that 
of BCG and that, when this vole bacillus 
is “injected into animals or man by the 
same route, it gives rise to a higher and 
more lasting tuberculin sensitivity than does 
B. C. G.” This strain of tubercle bacillus 
seemed a very suitable one to try in experi- 
ments with animals, to determine whether 
it is possible to produce a massive fibrosis 
by combining its action with that of coal 
dust. 


Experimental Studies 


Since, among the smaller laboratory animals, 
the response to tuberculous infection in guinea 
pigs closely resembles that in man, experiments 
with these animals were set up, with both 
anthracite and bituminous coal dust. In order 
to determine if there were any difference between 
the effect of coal dust and that of “coal-mine 
dust,” which usually contains about 20% of sili- 
ceous matter (mainly mica and kaolin with a 
little quartz), both dusts were used. Further, a 
group of guinea pigs was injected with a similar 
dose of BCG and mine dust in order to compare 
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the effects of the two types of tubercle bacilli. 
Six experiments were set up as follows: (1) 10 
vole bacilli alone, (2) 10* vole bacilli plus 100 mg. 
of anthracite dust, (3) 10* vole bacilli plus 100 
mg. of bituminous dust, (4) 10* vole bacilli plus 
100 mg. of coal-mine dust (80% anthracite plus 
20% shale), (5) 10* bacilli plus 100 mg. of coal- 
mine dust (80% bituminous plus 20% shale), (6) 
10* BCG plus 100 mg. of coal-mine dust (80% 
anthracite plus 20% shale). 

Various workers ***” have shown that an- 
thracite, bituminous coal, and coal-mine dust per se 
do not produce pulmonary fibrosis in experimental 
animals, even after long periods of time; it was 
therefore deemed unnecessary to set up control 
experiments with these dusts alone. 

Description of Samples of Dust and Organisms. 

Tubercle Bacilli: 1. M. tuberculosis var muris 
(vole bacillus, sample OV 233/10/1) was supplied 
by Dr. A. Q. Wells, of Oxford. 2. BCG. The 
Copenhagen BCG strain (batch No. 1156) of M. 
tuberculosis was supplied by Dr. D. Holt, of the 
Central Public Health Laboratories, Colindale. 
The vaccine contained 25X10 organisms per 
milliliter. 

Anthracite Coal: A low-ash (2.8%) fraction 
of anthracite coal from Pentramawr Colliery, 
South Wales, was turbine-ground, and a fraction 
below 10% was separated by air elutriation (roller 
apparatus). Starting with this material, a fraction 
below 24 was prepared by centrifuging in water 
after the addition of sufficient detergent to make 
the coal wettable. The material below 2 equivalent 
diameter was spun down by prolonged centrifuging, 
boiled with water to remove as much of the deter- 
gent as possible, and finally dried. 

Bituminous Coal: A low-ash fraction of coal 
from Haig Pit, Cumberland, was treated in a 
manner similar to that used for the anthracite coal, 
and a fraction under 2% was obtained. 

Coal-Mine Dust: Owing to the difficulty of 
obtaining sufficient air-borne coal-mine dust, a 
synthetic mixture was prepared from coal and 
shale in the proportion of 80% coal and 20% 
shale. This simulates the air-borne coal-mine dust 
in composition. The coals used in the mixtures 
were the previously mentioned anthracite and 
bituminous samples. The shale (Ammonford B) 
was from a South Wales anthracite mine, from 
a seam overlying the coal measure. It was pro- 
duced in a rubber-lined tumbler mill™ and was 
analyzed by Geochemical Laboratories, Ltd. By 
x-ray analysis it was found to consist of 31% 
quartz, 51% mica, 6% kaolin, and 7% carbonates. 

The size distributions and analyses of these 
dusts are given in Table 1. 

Preparation of Suspensions for Injections.—Sus- 
pension of Vole Bacilli Alone: The vole vaccine 
(sample OV 233/10/1), containing 10° bacilli per 
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TABLE 1.—Size Distribution and Analysis of Dusts Used for Injections in Guinea Pigs 


Anthracite Coal, % 


Bituminous Coal, % 


Coal-Mine Dust 
(80% Anthracite 
+20% Shale), % 


Coal-Mine Dust 
(80% Bituminous 
+20% Shale), % 


By No. By Mass By No. 


Ts 


£8. 


By Mass 


By No. By Mass 


es 


Soom 


milliliter, was diluted with sterile isotonic saline 
to give a strength of 10* organisms per milliliter. 
Then 22 ml. of this diluted vole vaccine was trans- 
ferred to a sterile container and 11 ml. sterile 
isotonic saline was added so that the concentration 
of the final suspension used for injection was 10* 
organisms per 1.5 ml. 

Suspensions of Dusts and Vole Bacilli: A 
quantity, 2.2 gm., of each of the dusts—anthracite 
coal, bituminous coal, and mine dust (80% anthra- 
cite plus 20% shale or 80% bituminous plus 20% 
shale—was weighed into screw-capped bottles, 
sterilized by autoclaving at 15 lb. pressure for 20 
minutes, and allowed to cool. To these sterilized 
dusts were added 1.66 ml. of sterile guinea pig 
serum (about 5%), as a dispersing agent; 22 ml. 
of diluted vole vaccine (original sample of vole 
vaccine diluted to give a strength of 10* organisms 
per milliliter), and 9.34 ml. of sterile isotonic 
saline, and these were mixed well by shaking in a 
microid flask shaker. The final concentrations of 
the suspensions were 10* vole bacilli plus 100 mg. 
of the dust per 1.5 ml. 

Suspension of BCG and Coal-Mine Dust: A 
quantity, 1.4 gm., of coal-mine dust (80% anthra- 
cite plus 20% shale) was weighed out and auto- 
claved (15 lb. pressure for 20 minutes). It was 
allowed to cool, and 1.05 ml. of sterile guinea pig 
serum (prepared aseptically), 14 ml. of diluted 
BCG vaccine (original sample of BCG vaccine 
diluted with sterile isotonic saline to give a strength 
of 10* bacilli per milliliter), and 5.95 ml. of sterile 
isotonic saline were added to it and mixed me- 
chanically. The final concentration of the suspen- 
sion was 100 mg. of coal-mine dust plus 10* BCG 
per 1.5 ml. 

Animals.—Twenty guinea pigs (ten male and ten 
female) were used in each of the five experiments 
with vole bacilli and in the group given 10* BCG 
plus 100 mg. coal-mine dust, 10 guinea pigs (five 
male and five female) were used. Their body 
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weights varied from 250 to 400 gm. They were 
equally distributed in all the groups. 

Experimental Procedure-—The animals were 
lightly anesthetized with ether, and the suspensions 
were introduced by the intratracheal route via the 
mouth according to the method of Kettle and 
Hilton® modified by King et al.** The blunt 
needle used for the guinea pigs was 6 in.X16 
gauge. 

There were no regurgitation of the suspensions 
and no immediate postoperative deaths. The in- 
struments were sterilized for each operation, and 
the operator and assistants used overalls and face 
masks. 

Duration of Experiments——The guinea pigs in- 
jected with vole suspension alone and vole bacilli 
plus the various dusts were killed at 14 and 30 
days and subsequently at monthly intervals up to 
150 days. Thereafter killings were done at 190 
and 237 days, following which the animals were 
killed every three weeks as far as possible. Owing 
to several deaths in the various groups the kill- 
ings had to be modified still iurther. The experi- 
ments were extended up to one year. In the animals 
injected with BCG plus coal-mine dust, killings 
were done at 1, 30, 60, 120, 150, 190, 257, 300, and 
365 days. 

The days of survival and mode of death of the 
animals in all the groups are shown in Table 2. 

Histopathological Technique——Routine post- 
mortem examinations were done on both the killed 
and the dead guinea-pigs, and the lungs were 
fixed in 10% formol saline (about 15 ml.). After 
preliminary fixation blocks were selected along 
the long axes of both lungs at the level of the 
hilum, to include the hilar lymph nodes and to 
take maximum representative areas for histologic 
study. The fixation was completed in fresh fixa- 
tive, and the blocks were embedded in paraffin 
wax and sectioned at 54. In some cases it was 
necessary to remove the calcium deposits present 
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TABLE 2.—Days of Survival and Mode of Death of Guinea Pigs After Intratracheal 
Injection of Different Dusts with Organisms 


10‘ Vole 
Bacilli 
Alone 


10* Vole 
+100 Mg. 
Anthracite 


Survival 


D (6) 
K (1) 


K (1) 
K (1) 
D () 


K (1) 
K (1) 


K (1) 
K (1) 
K (1) 
K (1) 


K (1) 
K (1) 


1— 14 
15— 30 
31— 60 
61— 90 


91—120 
121—150 


151—190 


191—237 
238—257 
258—278 
279—300 
301—320 
321—340 
341—365 


K (1) 


10* Vole 
+100 Mg 
Bituminous 


10* Vole 
+100 Mg. 
Coal-Mine Dust 
(80% Anthracite 
+20% Shale) 


10* Vole 
+100 Mg. 
Coal-Mine Dust 
(80% Bituminous 
+20% Shale) 


D (4) 
K (1) 
K (1) 
K (1) 


10*BCG 
+100 Mg. 
Coal-Mine Dust 
(80% Anthracite 
+20% Shale) 


K (1) 


* K, killed; D, died. Numbers in parentheses refer to the number of animals killed or found dead. 


in some of the blocks by electrodecalcification. 
These decalcified blocks were subsequently neutral- 
ized with formalin and calcium carbonate and 
processed in the routine manner. 

Serial sections were stained by Gordon and 
Sweets’® silver impregnation and with hema- 
toxylin and eosin. In addition, the sections were 
stained with Ziehl-Neelsen’s carbolfuchsin and 
also with phenol auramine and were examined 
under fluorescent light to study the distribution 
of acid-fast organisms in the lesions. 


Pathological Findings 


Macroscopic and microscopic examina- 
tions of the lungs were carried out in order 
to study the pathological changes in them. 
The liver, spleen, kidneys, and heart were 
also examined macroscopically; no tubercles 
were seen in these organs in any of the 
guinea pigs. 

Macroscopic Appearances of the Lungs. 

There were no significant differences in 
the lungs among the groups of animals in- 
jected with vole bacilli plus the various 
dusts, and hence they are described together. 
The lesions in the groups of animals which 
received vole bacilli plus coal or coal-mine 
dust were somewhat larger and severer than 
those seen in the guinea pigs given BCG 
plus coal-mine dust, while the animals in- 
jected with vole bacilli alone showed the 
smallest and least severe lesions. 


King et al. 


Vole Bacilli: Minute discrete whitish 
lesions, about 0.5 to 1 mm. in diameter, 
were seen evenly distributed over the sur- 
faces of the lungs in the early stages, from 
30 days onwards. They gradually increased 
in severity and size up to about 90 days, 
when they were about 1 to 2 mm. in diam- 
eter, and then gradually regressed in size 
and number. When the experiment was 
terminated, at 365 days, a few scars and 
small calcified nodules were seen in the 
lungs of some of the animals while in the 
majority the lesions were completely re- 
solved. 

Vole Bacilli Plus the Various Dusts: 
Collections of dust were seen on the lung 
surfaces, and, though a few of them ap- 
peared as isolated dust foci, the majority 
were associated with grayish tuberculous 
lesions, about 1 to 2 mm. in diameter, in 
the early stages. These lesions gradually 
increased in size and severity up to about 
120 to 150 days, and many of them showed 
evidence of necrosis, caseation, and deposi- 
tion of calcium. During the later stages 
there was a regression of the lesions; calci- 
fication and scarring occurred in some of 
the lungs. Pleural thickening was seen in 
killed at the later 


some of the animals 


periods. 
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BCG Plus Coal-Mine Dust: In the 
early stages there were small dust foci, the 
majority of which were associated and inti- 
mately combined with grayish tuberculous 
lesions, about 0.75 to 1 mm. in diameter. 
These lesions increased in size and severity 
up to about 100 days and then regressed 
almost completely, and in the later stages 
only dust collections associated with some 
fibrous tissue were seen. 

In all groups of animals the tracheo- 
bronchial lymph nodes were enlarged to 
several times the normal size. In addition, 
in the animals injected with organisms plus 
dust the nodes were black. 


Microscopic Appearances of the Lungs. 


The type of reaction encountered in the 
histological lesions found in the lungs of 
the guinea pigs, in the various groups, was 
very similar. Since the microscopic appear- 
ances of the lungs of the animals injected 
with vole bacilli plus anthracite or bitumi- 
nous coal were the same, the detailed his- 
tology of these two groups is presented 
together. Similarly, the histological find- 
ings in the groups injected with vole bacilli 
plus coal-mine dusts (shale plus anthracite 
or bituminous coal) are described together. 

In all groups of animals the pulmonary 
lesions increased in size and severity up to 
about 120 to 150 days and then gradually 
regressed to varying degrees in the different 
groups. In the animals given vole bacilli 
alone the lesions at all periods were less 
severe than those seen in the other groups 
and they began to regress at about 90 to 
100 days and were almost completely re- 
solved by 365 days. The lesions produced 
by BCG plus coal-mine dust, though more 
advanced than those due to vole bacilli 
alone, were less severe than those due to 
vole bacilli plus the various dusts. Termi- 
nally, the degree of resolution of the lesions 
produced by BCG plus coal-mine dust was 
intermediary. 


In the animals given organisms plus dust 
the tuberculous lesion was almost always 
combined with dust aggregates, although at 


384 


the later stages it was difficult to see the 
dust. 

In the case of the animals given vole 
bacilli alone, special staining methods for 
the demonstration of acid-fast bacilli in the 
lungs revealed the presence of a few in 
some of the lesions up to 60 days. From 
this time onward no bacilli were demon- 
strable. 


In the groups injected with vole bacilli 
plus the various dusts, acid-fast bacilli were 
seen, either singly or in small clumps. At 
90 days the number present had decreased 
and could not be demonstrated in all the 
lungs. Terminally they were present singly 
only in a few of the lesions. In the majority 
of the animals the bacilli could not be dem- 
onstrated. 


No acid-fast bacilli were demonstrable 
in the lung sections from the group injected 
with BCG plus coal-mine dust. 

Coal and coal-mine dust (Fig. 1), when 
injected alone in equal amounts, have been 
shown to be inert, producing no pulmonary 
fibrosis. They merely give rise to focal 


accumulations of dust within the lungs.???* 
27-30 


Detailed Histological Findings.—Vole 
Bacilli Alone: Many irregular-shaped cellu- 
lar lesions composed of epitheliod cells 
and lymphocytes, and associated with a 
loosely constructed network of fine reticulin 
fibrils, and a few thickened strands of retic- 
ulin were seen. The lesions occupied about 
one-eighth of the total area of the lungs 
in the animals killed up to 30 days. There 
was congestion of the blood vessels in the 
alveolar septa and there was collapse of 
some of the alveoli due to cellular prolifera- 
tion. By 60 days these lesions, though still 
irregular, were larger and well defined, 
with occasional composite nodules, and there 
was a generalized cellular proliferation of 
the alveolar septa. There appeared to be 
an increase of reticulin, but this was mainly 
due to collapse of some of the alveoli and 
coalescence of their walls. At this period 
about one-sixth of the lung tissue appeared 
to be affected, and there was marked lymph- 
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Plate 1—Guinea pig lungs, injected with coal dust, with vole bacillus, or with coal dust 
plus vole bacillus. 


Fig. 1—Coal dust; 300 days. Compact focal accumulations of dust in the lungs. Hema- 
toxylin and eosin; XX 36. 

Fig. 2.—Vole bacillus; 365 days. Almost normal lung, except for areas of lymphoid 
hyperplasia. Hematoxylin and eosin; xX 3. 

Fig. 3.—Coal dust plus vole bacillus; 60 days. Large composite lesions involving a large 
part of the lung tissue. Some of the lesions showed caseation. Hematoxylin and eosin; X 3. 


Fig. 4—Coal dust plus vole bacillus; 365 days. Contracted lesions and a few caseous 
lesions. Hematoxylin and eosin; X 3. 
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oid hyperplasia. From this period the 
lesions gradually decreased in size and 
number, and at 120 days minute compact 
cellular nodules surrounded by a delicate 
network of reticulin fibers were present. At 
150 days, except for occasional cellular 
lesions which were irregular and associated 
with thickened reticulin, all that .was to 
be seen in the lungs consisted of small 
rounded collections of lymphoid hyperplasia 
situated mainly around the blood vessels 
and bronchi. From this period onward 
it was seen in some cases that the 
earlier cellular lesions were being re- 
placed by central deposits of  cal- 
cium with fibrocytes and collagen around 
the periphery. Terminally, in the lungs of 
a few animals, there were small irregular 
calcified nodules, areas of scar tissue, and 
alveolar thickening. All the animals showed 
collections of lymphoid hyperplasia (Fig. 
2). In some of the animals, killed after 
150 days, there was evidence of pleural 
thickening, collapse of some alveoli, and 
emphysema, and from about 120 days on- 
ward the area of lung parenchyma involved 
was extremely small. No giant cells were 
seen at any period in the lesions. 


Vole Bacilli Plus Coal Dust (Anthracite 
and Bituminous): In the early stages (30 
days) about one-fifth of the lung paren- 
chyma showed well-defined rounded, as well 
as irregular-shaped, lesions, containing ag- 
gregates of dust and epitheloid and mono- 
nuclear cells with occasional Langhans giant 
cells, and these lesions were associated with 
an increase of fine reticulin fibers. Lymph- 
oid hyperplasia was a prominent feature. 
In addition, dust particles, lying free within 
the alveoli, were seen from this period to 
the termination of the experiments at 365 
days. By 60 days the lesions had increased 
in size and severity and had formed large 
composite masses; about one-half of the 
lung tissue was affected (Fig. 3). Some 
of the cellular lesions showed areas of 
central necrosis (Fig. 5), and there were 
more and thicker reticulin fibers as well as 
some collagen. The lesions progressed still 
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further, and by 120 days two-thirds of the 
lung tissue was involved. There were large 
composite lesions replacing the lung paren- 
chyma, compressing the bronchi and blood 
vessels. These lesions were highly cellular, 
contained much dust, and were intermingled 
with coarse reticulin and some collagen 
fibers. Some of the lesions showed evidence 
of central necrosis, caseation, and deposi- 
tion of calcium. Lymphoid hyperplasia was 
still prominent, and there was some pleural 
thickening. By 150 days the lesions were 
smaller, less cellular, and contracted and 
occupied about one-fourth of the lung 
tissue. The majority of them contained 
dust, and a few had a central core of cal- 
cium (Fig. 6) and were surrounded by 
fibrous tissue. Later, there was a definite 
contraction and regression of the lesions 
(Fig. 4). They were, for the most part, 
rounded and contracted (Fig. 7), and some 
contained a central core of caseation with 
or without calcium and were surrounded 
by collagen fibers and thick reticulin (Fig. 
8), arranged concentrically in most in- 
stances. There was marked proliferation of 
the fibrous tissue surrounding the blood 
vessels and bronchi, and many of the lungs 
showed thickening of the alveolar walls and 
pleurae. It was difficult to detect much dust 
within the lesions, although a small amount 
of it was seen in aggregates around them. 
Lymphoid hyperplasia was still evident, and 
areas of adenomatosis were seen in the 
vicinity of some of the lesions. 


Occasional animals showed evidence of 
secondary infection, with massive cavitation 
of the lungs. The cavities contained cellular 
debris, macrophages, polymorphonuclear 
cells, and numerous streptococci and staphy- 
lococci. 

Vole Bacilli Plus Coal-Mine Dust (Shale 
Plus Anthracite and Bituminous): On the 
whole, the lesions produced by vole bacilli 
plus coal-mine dust were very similar to 
those produced by vole baciili plus coal 
dust. In the former instance the lesions 
progressed more rapidly, involving about 
two-thirds of the lung tissue by 60 days, 
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Plate I].—Guinea pig lungs injected with coal dust plus vole bacilli. 

Fig. 5—At 60 days. Large cellular lesion composed of epithelioid cells and dust cells. 
Areas of necrosis seen within the lesion. Alveolar septa thickened. Hematoxylin and eosin; 
x 60. 

Fig. 6—At 150 days. Large cellular lesions with central calcified core, surrounded by 
lymphocytes and fibrocytes. Dust particles present within lesion. Hematoxylin and eosin; X 95. 

Fig. 7—At 365 days. Compact lesion composed of a few epithelioid cells and lymphocytes 

with some aggregates of dust, surrounded by fibrous tissue. Hematoxylin and eosin; x 95. 
ig. 8—Section serial to that of Figure 7. Thick reticulin and collagen fibers arranged 
concentrically around the lesion. Silver impregnation; X 95. 
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but at a later period there were no signifi- 
cant differences between the groups. With- 
in the first 30 days about one-third of the 
lung tissue was affected and contained ag- 
gregates of dust associated with mononu- 
clear cells and loosely arranged fine reticulin 
fibrils. In addition, the presence of dust 
particles lying free within the alveoli was 
noted from this period until the end (365 
days). At 60 days the lungs were exten- 
sively involved, with large irregular com- 
posite lesions, many of which showed 
central necrosis and caseation with occa- 
sional calcification. They were surrounded 
by compact collagen and reticulin fibers. 
The dust, though not prominent, was de- 
posited in and around the lesions either as 
fine granules or as coarse aggregates. There 
was cellular proliferation of the alveolar 
walls. The lesions gradually progressed, 
and by 150 days they were widespread and 
some of them showed the presence of large 
deposits of calcium, with dust present main- 
ly at the periphery of the lesions. Thick 
strands of reticulin and collagen were asso- 
ciated with the lesions. From this period 
onward, lymphoid hyperplasia was very 
prominent, while the lesions showed signs 
of contraction and regression. They were 
present singly or in composite masses, and 
some contained necrotic or caseous centers 
with or without calcium. The majority of 
the lesions were surrounded by fibrous tis- 
sue. The dust, though not prominent, was 
found as fine particles or aggregates in 
association with most of the lesions, and 
areas of adenomatosis were seen in the 
vicinity of some. Pleural thickening, some 
emphysema, and generalized thickening of 
the alveolar walls were seen in most of the 
animals killed at the later periods. 

BCG Plus Coal-Mine Dust: At 30 days 
there were some dust particles lying free in 
the alveoli, while others were intimately 
associated with cellular lesions consisting 
of epithelioid cells, lymphocytes, and other 
mononuclear cells. In addition to the dust 
aggregates, these lesions were associated 
with loosely arranged fine reticulin fibers. 
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Further, there were small rounded cellular 
tubercle follicles composed of mononuclear 
cells but devoid of dust. The area of lung 
parenchyma involved at this period was 
negligible. By 60 days the lesions had in- 
creased in size, severity, and number, and 
about one-fifth of the lung was affected. 
Though some of the cellular lesions were 
more or less rounded, many were irregular 
in shape, and all were intimately combined 
with dust and enmeshed by strands of retic- 
ulin. Many of the alveolar walls were 
thickened as a result of cellular prolifera- 
tion, and this led to obliteration of some of 
the alveoli. At 120 days the lesions had 
regressed in size and number and there 
were discrete cellular lesions containing dust 
and reticulin fibers, as well as dust particles 
lying free within the alveoli. The lesions 
continued to regress still further, and ter- 
minally there was almost complete resolu- 
tion. At this stage dust was seen in foci 
or large aggregates around the blood vessels 
and bronchi and in some cases was associ- 
ated with reticulin fibers and occasional 
strands of collagen. There was generalized 
thickening of the alveolar walls. Lymphoid 
hyperplasia commenced at 30 days, gradu- 
ally increased up to about 200 days, and, 
though present, was less marked at 365 
days. There was no necrosis or deposition 
of calcium in the lesions at any period. 


Comment 


These investigations show that the vole 
bacillus (M. tuberculosis var. muris) when 
introduced intratracheally into the lungs of 
guinea pigs produces a regressive type of 
tuberculosis. The peak of the disease was 
reached at about 90 days and gradually 
regressed to complete resolution at 365 days 
in most of the animals. In a few animals 
evidence of previous disease consisted of 
small calcified nodules and alveolar thick- 
ening. All the animals showed the presence 
of scar tissue and lymphoid hyperplasia in 
the lungs at the end of one year. Some 
reticulin and collagen fibers were laid down 
within the lesions. Vorwald et al.’° and 
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Zaidi et al.235 obtained almost similar re- 
sults when they injected tubercle bacilli of 
the attenuated BCG strain into the lungs 
of guinea pigs. Zaidi et al., however, found 
that no reticulin was laid down within the 
lesions. 


Attygalle et al?! and Zaidi et al.?**° 
showed that the intratracheal injection of 
coal-mine dust alone into guinea pig lungs 
produced no pulmonary fibrosis. In our 
work no difference was observed between 
the initial pathological response, severity 
of the lesions, and the progress of the dis- 
ease produced by anthracite plus vole bacilli 
and by bituminous plus vole bacilli. The 
addition of shale to the coal dusts did not 
alter the pathological picture, and there was 
no difference between the pulmonary lesions 
in the groups given vole bacilli plus coal 
dust and vole bacilli plus coal-mine dusts 
containing 20% of siliceous matter (shale). 


The combined effect of vole bacilli and 
dust was the production of proliferative and 
extensive pulmonary lesions, which reached 
a peak at about 120 to 150 days and then 
regressed somewhat, although there was no 
complete resolution even at 365 days. These 
lesions were associated with the deposition 
of much more reticulin and collagen than 
was seen in the lesions due to vole bacilli 
alone. Terminally the lungs showed con- 
tracted lesions, usually with a central core 
of caseation, with or without calcium, and 
surrounded by thick reticulin and collagen 
fibers. Alveolar thickening and lymphoid 
hyperplasia persisted to the end, and in the 
vicinity of many of the lesions areas of 
adenomatosis were seen. 

In the group of guinea pigs injected 
with BCG plus coal-mine dust the pulmo- 
nary lesions were less severe than those 
due to vole bacilli plus dust. The lesions 
reached a peak at about 100 days and grad- 
ually regressed, leaving behind collections 
of dust associated with reticulin and col- 
lagen, alveolar thickening, and lymphoid 
hyperplasia. 

The differences observed between the se- 
verity of the lesions and the degree of 
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terminal resolution produced by BCG plus 
dust and vole bacilli plus dust may perhaps 
be accounted for by the fact that the vole 
bacillus, as pointed out by Wells and 
Wylie,** though of low pathogenicity for 
laboratory animals and for man, has, never- 
theless, considerably higher pathogenicity 
than BCG. A similar explanation may be 
given for the differences observed between 
the lesions produced by BCG alone ***° and 
vole bacilli as shown in the present work. 


Willis (1921) pointed out that the lungs 
of guinea pigs contained “an uncommonly 
small amount of lymphoid  tissue—an 
amount often so small as to escape notice 
in a microscopic examination.” In the 
present experiments it was seen that even 
when the lesions regressed and resolved 
the lymphoid hyperplasia was still promi- 
nent. It may be termed the remnant of a 
previous tuberculous infection. Gardner 
(1922), in describing the healing of experi- 
mental pulmonary tuberculosis by resolu- 
tion, mentioned that, even after complete 
restitution to normal lung tissue, the one 
change which persisted, long after the spe- 
cific tubercular lesions caused by the RI 
strain had disappeared, was the lymphoid 
hyperplasia. 

In the present experiment with vole 
bacilli alone the lesions in the guinea pig 
lungs resembled those due to Strain 3073 
alone ***5 and healing human fibrocaseous 
tuberculosis in that they gradually dimin- 
ished in size, tended to heal by calcification 
and fibrosis, and resolved completely by one 
year. However, no frank caseation or cavi- 
tation of the lung tissue was seen in the case 
of the lesions due to vole bacilli. 

Experimental work by Belt and King,?? 
Ray et al.,?**° and Attygalle 2? has shown 
that the histological lesions produced by 
anthracite and bituminous coal dusts and 
by anthracite and bituminous coals with the 
addition of quartz dust are identical. Accord- 
ing to this previous work, no differences 
would be expected between the lesions due to 
vole bacilli plus anthracite and those due to 
vole bacilli plus bituminous coal. However, 
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with the addition of shale to the coal 
dusts one might anticipate an increase in 
the severity of the lesions due to the silica 
contained in the shale. But Attygalle et al." 
found that there was no significant differ- 
ence between the pulmonary lesions pro- 
duced by anthracite plus dead BCG and 
those produced by coal-mine dust (contain- 
ing silica) plus dead BCG. Similar findings 
have now been obtained with vole bacilli 
plus coal on the one hand and with vole 
bacilli plus coal-mine dust on the other. 
Price (1932) and Gardner (1938) showed, 
in in vitro experiments, that silica had a 
stimulating effect on the growth of tubercle 
bacilli, but this was not substantiated by 
Vorwald et al.'* Zaidi et were unable 
to demonstrate an enhanced growth of ba- 
cilli in vitro with coal-mine dust, although 
there was an enhanced growth and longer 
survival in vivo. Kettle advanced the 


explanation that the solubility of silica, 
whereby the silicic acid combined with the 
nutrient substances, forming a rich medium 
for the growth of bacilli, was sesponsible 


for the proliferation of the tubercle bacilli. 
However, coal-mine dust contains very 
little crystalline silica, and the mica and 
kaolin present in it depress the silica solu- 
bility. This may possibly account for the 
lack of difference in the pathological picture 
encountered with vole bacilli plus coal dusts 
on the one hand and vole bacilli plus coal- 
mine dusts on the other. 


In experiments with rats (Yoganathan **) 
it was seen that vole bacilli in combination 
with dust produced similar lesions, but they 
were not as severe as those in guinea pigs 
and terminally consisted of composite con- 
tracted nodules composed of coarse reticulin 
and collagen fibers. The difference in sever- 
ity in the two species may perhaps be attrib- 
uted to the fact that rats are far more 
resistant to infection by vole bacilli than 
are guinea pigs. However, the vole bacilli 
multiplied and were still present in large 
numbers in the lesions in rats even at 300 
days. In the case of the guinea pigs injected 
with vole bacilli alone, the organisms could 
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not be demonstrated in any animals after 
60 days; however, when the guinea pigs 
were given vole bacilli plus dust the organ- 
isms persisted in scanty numbers in some 
animals until the termination of the experi- 
ment (365 days). Gardner (1930) reported 
similar findings. This difference between 
the species has been noted in the case of 
virulent as well as attenuated tubercle ba- 
cilli. In rats the lesions may be negligible 
but the bacilli persist in large numbers for 
months and years; guinea pigs, on the other 
hand, show progressive lesions with great 
diminution in number of the bacilli. The 
exact explanation for this difference be- 
tween the species is not known. In both 
guinea pigs and rats injected with dust plus 
organisms, the majority of the lesions were 
due to the combined effect of both factors, 
suggesting that a similar mechanism of 
transport is involved. Further, it is evident 
that tubercle bacilli and dust each reinforce 
the biological effects due to the other, but 
how they do so cannot yet be satisfactorily 
explained. 

This experiment, like others conducted in 
this laboratory with other strains of tubercle 
bacilli, has shown that it is possible to pro- 
duce in animals a condition of massive 
fibrosis very similar to that described in 
coal miners. The infective factor in pro- 
gressive massive fibrosis may be as im- 
portant in this most serious form of coal 
pneumoconiosis as the dust itself. 


Summary 


The combined actions of live vole bacilli 
with coal or coal-mine dusts (containing 
20% of siliceous matter, shale) and of BCG 
plus coal-mine dust and the individual ef- 
fects of live vole bacilli alone have been 
studied by the intratracheal injection of 
these substances into the lungs of guinea 
pigs. 

Vole bacilli alone produced a regressive 
type of tuberculosis. The peak of the dis- 
ease was reached at about 90 days, and by 
365 days there was complete resolution of 
the lesions in many of the animals. A few, 
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however, showed small calcified nodules and 
scar tissue, while in all of them there was 
evidence of lymphoid hyperplasia even at 
the end of one year, 

The combined actions of vole bacilli and 
the various dusts resulted in proliferative, 
necrotic, and extensive tuberculous lesions 
involving large areas of lung tissue. 

The disease reached a peak at 120 to 150 
days. At the end of one year there was only 
partial resolution. 

Coal-mine dust combined with BCG pro- 
duced lesions which were less severe than 
those due to vole bacilli plus dusts. The 
lesions increased in severity up to about 
100 days and then gradually regressed over 
a period of one year. There was no necrosis 
or calcium deposition in any of the lesions. 

Vole bacilli were injected (in another ex- 
periment, Yoganathan **), together with and 
at varying intervals after the coal dust, into 
the lungs of rats. After 30 days there was 
no significant difference found in the vari- 
ous groups, suggesting that the time factor 


did not alter the result in any way. The 
lesions increased in severity up to about 
150 days and then gradually became less 
cellular, more contracted, and fibrotic. 


The similarities between the progressive 
massive fibrosis of coal-miners’ pneumo- 
coniosis and the experimental results are 
discussed. 


The Medical Research Council and the National 
Coal Board gave grants to defray the expenses 
of this investigation. Mr. B. C. S. Hollands gave 
his skilled technical assistance, and Dr. G. Nagel- 
schmidt provided the dusts. 

Postgraduate Medical School of London, Ducane 
Rd. (W. 12). 
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Gas-Mask Protection Against Diborane, Pentaborane, 


and Mixtures of Boranes 


JAMES E. LONG, M.S.; GEORGE J. LEVINSKAS, Ph.D.; WILLIAM H. HILL, Ph.D., Pittsburgh, and 


JOSEPH L. SVIRBELY, Ph.D., Cincinnati 


Introduction 


In a recent paper, Hill and Svirbely? 
reported on gas-mask protection against 
decaborane. Their publication surveys the 
“borane” (boron hydride) literature from 
the toxicological, industrial, and analytical 
points of view. They described an experi- 
mental set-up for testing the efficacy of 
possible adsorbents or absorbents for deca- 
borane and they reported that silica gel, in 
a simulated chemical cartridge respirator, 
effectively removed this borane from a con- 
taminated air stream for as long as 30 
hours. Activated carbon was found to be 
about half as effective, while materials such 
as soda lime and triethanolamine on un- 
glazed china were effective for only a very 
short period of time. 

The interest in the boron hydrides is 
reflected in the papers on the toxicology of 
the boranes ** and those dealing with their 
industrial uses.*™" As a result, it was 
deemed advisable to extend the decaborane 
study methodology to other available boron 
hydrides, i. e., diborane (B2Hg¢) and penta- 
borane (BsHg). 

The present study was designed to in- 
vestigate two problems. First, to find, if 
possible, suitable adsorbent media to provide 
respiratory protection against exposures to 
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diborane or to pentaborane. This objective 
was accomplished by testing a number of 
filling materials commonly used in chemical 
cartridge respirators. Secondly, to investi- 
gate the possibility of recommending a 
composite filler medium for temporary 
protection against mixtures of diborane, 
pentaborane, and decaborane. 

The study herein reported was divided 
into four component sections : 

(a) The testing of filler media for diborane 
adsorption was conducted in two parts. The first 


part was a purely chemical test while the second 
part employed animals. 

(b) Five filling materials were tested for their 
relative efficacy in removing pentaborane from a 
contaminated air stream. 

(c) Laboratory animals were exposed to a mix- 
ture consisting of pentaborane and decaborane. 
Another set of animals was then exposed under 
identical conditions except that the air was passed 
through a composite gas-mask filling material con- 


sisting of a layer each of silica gel and activated 
carbon. 

(d) In order to increase the effectiveness of the 
composite filler tested in (c) a layer of active 
Hopcalite was added to the other two agents. 
This tricomponent filler was tested against a 
ternary mixture consisting of diborane, penta- 
borane, and decaborane. 


General Procedures 


The various techniques, as established by 
Hill and Svirbely,! served as a general 
background for the currently reported work. 
Materials tested as filler agents consisted 
of triethanolamine impregnated on unglazed 
china according to their method. Both un- 
glazed china and Nalcite HCR (National 
Alumgnate Corp.) were used as adsorbents 
for Cellosolve (Carbide & Carbon Chemi- 
cals Co.). Soda lime was Wilson Brand, 
Fisher Scientific Company Cat. No. S-205. 
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The silica gel, active Hopcalite, and acti- 
vated carbon were all products of Mine 
Safety Appliances Company. The former 
bore the designation BP-8X12, E428-2. 
The latter was designated 60-minute char- 
coal. The active Hopcalite bore no special 
designation, 

The cation exchange resin, Nalcite HCR, 
which was in the hydrogen cycle, was not 
screened. All of the other materials were 
carefully screened to yield particles of 8 to 
12 mesh size. This was done in order to 
eliminate, as far as possible, any unevenness 
of surface area and to insure uniform pack- 
ing density. Also, this prevented an undue 
back pressure always caused by finer par- 
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ticles. This mesh size was the same size 
as that used by previous workers ' and falls 
between the sizes used in military gas masks 
and in industrial-type masks. One-inch 
layers of the test materials were employed 
in the simulated gas mask. 

All exposures were conducted in an 18.5 
liter battery jar, which served as the expo- 
sure chamber. An all-glass system, with 
ground glass ball and socket joints, was 
employed to conduct the borane-laden air. 

The test animals were CFW * male mice 
and CFW * male rats, kept on a diet of 
Purina laboratory chow. The animals had 
full access to food and water at all times, 
*Carworth Farms Wistar. 
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Fig. 1—Experimental set-up for testing gas-mask filler media (Diborane). 
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except during the actual periods of ex- 
posure. 

The authors realize that some of the 
material presented is not as complete as 
would be desired. Since a good analytical 
method exists for diborane, its concentra- 
tions could be verified by chemical analysis. 
However, neither pentaborane nor the vari- 
ous boron hydride mixtures could be an- 
alyzed in similar quantitative fashion. 
Consequently, separate groups of small 
laboratory animals were employed to detect 
the breakthrough of the particular com- 


pound or mixtures of compounds. One 
group of animals was exposed directly to 
the contaminated air. Other groups were 
protected during their exposures by inser- 
tion of the candidate filler medium in the 
system in order to remove the contaminant. 


Experiments 
1. Filler Media Tests with Diborane 
(a) Procedure: The experimental set-up 
(Fig. 1) employed was as follows: Di- 
borane, at a rate of 10 cc. per minute, was 
mixed with nitrogen delivered at a rate of 
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Fig. 2.—Results of filler media tests (Diborane). 
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5 liters per minute. Of this diborane-nitro- 
gen mixture, 1.7 liters per minute was 
passed into a mixing tube, to which 16.3 
liters per minute of air was added. This 
mixture was drawn through a simulated 
gas mask containing the adsorbent being 
tested, and then led into the exposure cham- 
ber. The excess of the original diborane- 
nitrogen mixture was vented into a fume 
hood. 

The rapidly increasing vapor pressure of 
diborane with increasing temperature and 
the ease of spontaneous ignition of diborane 
required special consideration. In the cur- 
rently reported study, the diborane cylinder 
was supported in a large metal container 
packed with dry ice, and initial dilutions 
of the diborane were made with dry nitro- 
gen. 

Collection of the diborane for subsequent 
analysis was based on its hydrolysis in 
water to boric acid.!* In testing the inlet 
and outlet air for diborane content, six 
Vigreaux bubblers were connected in series 
and supported in a water bath kept at a 
constant temperature of 58C. Each bubbler 
initially contained 20 ml. of distilled water 
acidified with one drop of concentrated 


TABLE 1—Results of Tests Using Hopcalite for 
Removal of Diborane 


Sampling Interval, 
(Min. After Sampling B:Hein B:Hgin 
Test Start of Run) Time Inlet Air Exit Air 
No. (Min.) (Ppm) (Ppm) 


Started Ended 
I. x 68 60 138 0 
70 100 30 0 
101 131 30 0 
132 162 30 0 
163 202 39 0 
204 238 34 134 1.80 
239 275 36 1,82 
276 309 33 1.80 
310 341 31 130 2.34 
342 372 30 3.31 
374 407 33 7.47 
439 30 7.00 
441 471 30 8.10 
473 30 135 8.35 
Il. 5 65 60 140 0 
67 97 30 0 
100 130 0 
132 162 135 0 
164 194 0 
196 226 0.86 
227 257 1,10 
261 291 1.30 
292 322 30 139 1,80 
325 358 2.00 
358 388 5.40 
390 420 6.00 
425 455 7.10 
460 490 134 7.15 
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TABLE 2.—Results of Animal Tests with Diborane 


Mortality 

Air Filler Duration 
Contaminant Material of Test AtEnd 2 Wk. 
(Hr.) of Test Later 


Diborane None 2 3/3 
Diborane Hopcalite 4 0/3 1/3*t 
Diborane Hopcalite 7 0/3 0/3t 
Diborane Activated 

carbon 4 0/3 0/3t 


* Animal found dead 13 days after exposure. 
+ One out of three controls died during this interval. 


hydrochloric acid. An all-glass system was 
used in the sampling set-up. 


The quantity of boric acid formed was 
determined by the colorimetric method of 
Hatcher and Wilcox.'* The initial bright 
red color of carmine-sulfuric acid changes 
to a bluish-red in the presence of boric acid. 
The solutions thus produced follow Beer’s 
Law over the range of from 0 to 20y of 
boron per milliliter. The absorption curve 
for the carmine-boric acid complex is re- 
ported to have a maximum at 585 my, but 
Powell © prefers a wave length of 625 mp 
because at this value interference from 
moisture is at a minimum. In accordance 
with this information, the per cent trans- 
mittance was read at 625 mp in a Coleman 
Junior Spectrophotometer. 


(b) Results (Chemical): The results of 
the individual tests showing the penetration 
of diborane through the various filler media 
are depicted graphically in Figure 2. Under 
the conditions of this investigation, active 
Hopcalite is the best filling material of those 
tested. The time for 1 ppm of diborane to 
break through is approximately three and 
a half hours (Table 1). Activated carbon 
is slightly less effective having a break- 
through time of three hours for 1 ppm. 
The other three materials are considerably 
less effective. 

The average inlet concentration (135 
ppm) which was employed was approxi- 
mately three times that for the four-hour 
LCso figure for small animals exposed to 
diborane. The use of this high concentra- 
tion had the effect of building an additional 
stress into the system and increasing the 
severity of the conditions used to test the 
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filler materials. In this manner, a safety 
factor was incorporated into the study. 

(c) Results (Animal): A summary of 
the results from the animal tests is given 
in Table 2. Exposure to an average dibo- 
rane concentration of 135 ppm resulted in 
the deaths of the three rats in two hours. 
Actual survival times were 110, 115, and 
120 minutes. The rats showed signs of 
nasal and eye irritation and had typical 
convulsions prior to death. 

No immediate deaths occurred in the tests 
using active Hopcalite or activated carbon 
separately. The four-hour active Hopcalite 
test resulted in one out of three rats dying 
on the 13th day after the test, and this may 
well have been due to other causes. 

These results confirm predictions based 
on the breakthrough tests. The protection 
afforded by active Hopcalite to rats exposed 
for seven hours to an air stream containing 
135 ppm emphasizes the efficiency of Hop- 
calite in removing diborane from contami- 
nated air. 

2. Filler Media Tests with Pentaborane 

(a) Procedure: A pentaborane-nitrogen 
mixture (containing 1700 ppm of penta- 
borane) served as the source of this borane. 
This mixture was chosen instead of pure 
pentaborane because of the difficulties in 
handling the latter and because such a mix- 
ture permitted a more accurate dilution to 
the desired levels. Of this mixture, 0.04 
liter was diluted with 5 liters of air. The 
resultant mixture was further diluted with 
air to the desired concentration of 13.6 ppm 
(calculated) and the desired air flow of 16 
liters. per minute. Three mice (average 


weight of 28 gm.) and three rats (average 
weight of 171 gm.) were exposed to this 
pentaborane-containing stream until deaths 
occurred. 

In testing the various filler materials for 
their effectiveness in removing pentaborane, 
the same procedure as described above was 
used with the addition of a simulated gas 
mask which was placed in the system be- 
tween the final mixing tube and the expo- 
sure chamber. The 1 in. layer of the filler 
material used in this study provided a 
volume of adsorbent equivalent to that of a 
commercial chemical cartridge used in gas 
masks, 

Silica gel, activated carbon, Cellosolve 
impregnated on unglazed china, Nalcite 
HCR, and soda lime were tested in this 
manner. The average survival times for 
the two groups of exposed animals were 
calculated for the different filler materials 
tested. These values were then compared 
with the average survival times of a con- 
trol group (pentaborane, no gas mask) in 
determining their relative efficiency in re- 
moving pentaborane from the air stream. 

(b) Results: No protective action against 
pentaborane poisoning was noted on the 
animals when either Cellosolve impregnated 
on unglazed china or Nalcite HCR was used 
as adsorbents. Substantially the same lack 
of adsorbing capacity was observed when 
silica gel was used. The use of soda lime 
in the gas mask resulted in approximately 
one hour’s delay in the occurrence of con- 
vulsions and deaths among the exposed 
animals. 


TABLE 3.—Results of Animal Tests with Pentaborane 


Rats 


0.705 
All living 


Cellosolve 
Nalcite 
Soda lime 


4.514 
12.601 
2.346 


Signif- 
icance 
(P=0.05) 


None 


Mean Standard 
Survival Error 

Time of 
(Min.) Mean 


145 
17.167 
All living 


Doubtful 


gniy 
significant 


Sample size =3. 
For P=0.05, ‘‘t’’=4.303. 
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Filler Mice iz 
Material 
Mean Standard Signif- 
Survival Error icance 
Time of (P=0.05) 
(Min.) Mean 
Silica ge 66 1.418 d None 
Activated | 
carbon 
86 4.209 | 147 25.723 0.078 None : 
114 20. 4 ignif- 
icant 
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TABLE 4.—Results of Tests Using Actwated Carbon 
for Removal of Pentaborane 


Sample 
Size 
(Liters) 


B,H,in Duration 
Inlet Air Exit Air of Test 
(Ppm) (Ppm) 


Cumulative 16.9 


ecssss 


Continuous 


28 8238 


24 


* Calculated concentration. All other values analytically de- 
termined 


t Because of vacuum line difficulties, actual sample sizes less 
than these values. 


Activated carbon was found to be a very 
satisfactory filling material since no toxic 
effects were observed in the animals ex- 
posed for two 6-hour periods. In another 
experiment, with different animals and 
fresh activated carbon, mice and rats were 
exposed to the effluent gas mask air for two 
8-hour exposure periods on consecutive 
days. Again, the animals exhibited no toxic 
effects. 

Therefore, activated carbon is capable of 
affording protection against pentaborane for 
at least 12 hours. The results of these tests, 
in terms of average survival times, are tabu- 
lated in Table 3. 

While this work was in progress, Hill 
and associates } began developing an ana- 
lytical method for the determination of 
microquantities of pentaborane. In order 
to test the method for low levels of penta- 
borane, and at the same time to have some 
means of checking the results obtained with 
animals only, an air stream containing 13.6 
ppm of pentaborane was passed through the 
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Fig. 3.—Results of filler medium (activated carbon) tests with Pentaborane. 
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Fig. 4.—Experimental set-up for animal exposure to mixture of B:He, BsHo, and BwHu 
and for testing efficiency of composite gas mask. 


simulated gas mask containing a 1 in. layer 
of activated carbon. Samples of the effluent 
air were taken continuously and analyzed 
for their pentaborane content. 

Two such tests were run. The first con- 
sisted of six daily runs, using a single 
charge of carbon. A second run was then 
made in which the pentaborane was passed 
continuously for 24 hours over another 
layer of carbon. The results are depicted 
in Table 4 and Figure 3. These break- 
through curves indicate that activated car- 
bon is capable of adsorbing pentaborane 
for at least 20 hours before a break through 
of 0.1 ppm and 30 hours before 0.2 ppm 
occurs. This lower breakthrough concen- 
tration was chosen because pentaborane is 
relatively more toxic than decaborane.* 
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3. Filler Media Tests with a Mixture of 
Pentaborane and Decaborane 

(a) Procedure: An air stream containing 
calculated concentrations of 13.6 ppm of 
pentaborane and 76 ppm of decaborane was 
drawn from top to bottom through a simu- 
lated gas mask containing a top layer of 
silica gel and a bottom layer of activated 
carbon. These materials were arranged in 
this manner because of their specific ad- 
sorptive capacities. In this arrangement, the 
incoming gas first strikes silica gel, which 
has a good adsorptive capacity for decabo- 
rane and removes it, leaving the lower layer 
of activated carbon to adsorb the penta- 
borane. The reverse order would have been 
much less efficient (vide infra). The efflu- 
ent air stream from the gas mask, at a rate 
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Taste 5.—Results of Animal Tests with Ternary 
Mixture 


Mortality 


Duration. 
of Test AtEnd 2 Wk. 
(Hr.) of Test Later 


Air Filler 
Contaminant Material 
Ternary 

mixture * 
Ternary 
mixture * 


None 0.5 3/3 
Composite t¢ 8 0/3 0/3 


* BsHs, BioH 
+ Silica gel, active Hopcalite, activated carbon. 


of 15 liters per minute, was drawn through 
the exposure chamber which contained 
three mice (average weight of 24 gm.) and 
three rats (average weight of 190 gm.). 

(b) Results: No toxic effects were noted 
among the six test animals which were 
exposed to the mixture of decaborane and 
pentaborane, after passing successively 
through silica gel and activated carbon, for 
two 6-hour periods on consecutive days. 

4. Filler Media Tests with a Mixture of 
Diborane, Pentaborane, and Decaborane 

(a) Procedure: Four-hour LCs9 values 
for rats for diborane and pentaborane are 
50 ppm and 17 ppm respectively. While a 
four-hour exposure to 77 ppm of deca- 
borane was not fatal to rats, it did pro- 
duce observable symptoms.* Consequently, 
_ conditions were adjusted so that an air 
stream, containing each of these boranes 
in the approximate concentrations stated, 
could be directed into the exposure chamber. 

Three male rats and three male mice were 
exposed to this ternary mixture. The ex- 
posure was continued until all of the test 
animals had died (Fig. 4). 

In a second test, three other rats and 
three additional mice were placed in the 
chamber. A composite filler medium, con- 
sisting of 1/3 in. (0.85 cm.) each of silica 
gel, active Hopcalite, and activated carbon, 
was inserted into the gas mask. The layers 
were separated by discs of wire screen cut 
to a size equal to the inside diameter of the 
simulated gas mask. The layer of silica gel 
was closest to the inlet, the active Hopcalite 
was in the middle, and the activated car- 
bon was the bottom layer, that is, most re- 
mote from the source of the contaminated air 
stream. The animals were exposed to the 
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effluent air from this adsorbent train for 
eight hours. 

(b) Results: As indicated in Table 5, 
resulted in the death of all test animals 
exposure to a mixture of the three boranes 
within 30 minutes. The three rats died 
in 25, 26, and 27 minutes. Corresponding 
times for the deaths of the three mice were 
25, 26, and 29 minutes. It is interesting to 
note that the mice and rats died at approxi- 
mately the same time, because the four-hour 
LCs figures for mice as reported in the 
literature are somewhat lower than those 
reported for rats. 

The use of the composite filler mixture 
resulted in survival of the six test animals, 
even after an eight-hour exposure. The 
animals showed some slight signs of irrita- 
tion during exposure, but all were alive and 
showed no adverse effects 14 days later. 


General Comment 

(a) Filler Media.—The selection ot the 
different materials for use in the simulated 
gas mask for the ternary mixture was based 
on the study reported earlier’ and on the 
current study. Their arrangement was based 
on the following considerations. Since ac- 
tivated carbon is a nonspecific adsorbent, 
it would not only remove pentaborane, but 
would also take up some diborane and deca- 
borane. To circumvent this, that is, to 
preserve the maximum adsorptive capacity 
of the activated carbon for pentaborane, it 
was placed at the end of the column. It can 
be presumed that the decaborane was pri- 
marily adsorbed by the silica gel, while the 
diborane was removed by the active Hop- 
calite. This left only traces of these and 
the pentaborane remaining for capture by 
the activated carbon. 

(b) Flow Rates.—The following is pre- 
sented as a basis for the selection of a 
suitable flow rate of the contaminated air 
through the gas mask. The normal breath- 
ing rate of a man at rest is approximately 
8 liters per minute.’® The flow rates of 
15-18 liters per minute used in this study 
were about double the normal breathing 
rate of a man at rest. 
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Since the majority of commercial respira- 
tors have two cartridges, the amount of air 
drawn through each is approximately one- 
half the volume breathed at a given time. 
Therefore, two cartridges, each containing 
an adsorbent found to be effective at a 
steady rate of 18 liters per minute, could 
tolerate 36 liters per minute when used in 
a commercial respirator. A breathing rate 
of 36 liters per minute would be adequate 
for moderate work in some cases. 


However, it is essential to use caution in 
transferring this type of information to 
man. The rate at which a man breathes is 
not constant over a given period of time, 
but is very irregular. Depending on the 
degree of exertion, this may result in minute 
volumes ranging from 12 to 90 liters. 


(c) Breakthrough Concentrations —The 
American Conference of Governmental In- 
dustrial Hygienists has recently proposed 
tentative MAC values of 0.1 ppm for di- 
borane, 0.01 ppm for pentaborane, and 0.05 
ppm for decaborane.'? It will be noted that 
the diborane 3%-hour breakthrough con- 
centration of 1 ppm and the pentaborane 
20-hour breakthrough concentration of 0.1 
ppm are in excess of the MAC values. 
However, the permissible concentration val- 
ues are designed for a daily eight-hour 
exposure of an industrial worker. The 
protective measures suggested in this paper 
are concerned with emergency protection 
against acute exposure to crash concentra- 
tions of contaminants. The order of the 
time interval required for approximately 10 
the MAC concentration to break 
through the filler media should indicate the 
effectiveness of active Hopcalite and acti- 
vated carbon in affording temporary protec- 
tion against diborane and _pentaborane 
respectively in emergency situations. 


times 


Summary and Conclusions 


Chemical tests and animal exposure stud- 
ies show that temporary protection against 
diborane may be obtained by the use of a 
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chemical cartridge respirator charged with 
active Hopcalite. 

The animal exposure studies reported in 
this paper show that temporary protection 
against pentaborane may be obtained by the 
use of a chemical cartridge 
charged with activated carbon. 


respirator 


A filler medium of silica gel and activated 
carbon may provide temporary protection to 
animals exposed to a lethal mixture of pen- 
taborane and decaborane. 

A composite filling medium of silica gel, 
active Hopcalite, and activated carbon may 
provide temporary protection to animals 
exposed to a lethal mixture of diborane, 
pentaborane, and decaborane. 


The present study was undertaken to 
screen candidate materials as to their possi- 
ble efficacy for removing boranes from con- 
taminated Further study is 
recommended to evaluate more critically 
these preliminary studies. These, to be 
meaningful, should include a larger number 
of experiments under varied experimental 
conditions, such as longer exposure periods, 
use of higher flow rates, and different 
species of animals. 


air streams. 


Graduate School of Public Health, University 
of Pittsburgh. 
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Appendix 


TABLE A.—Results of Tests Using Soda Lime for 
Removal of Diborane 


Test es Interval 
No. (Min. After 
Start of Run) 


Sampling 
Time Inlet Air 
(Min.) (Ppm) (P 


135 
136 


esa. 


882855 


Ssssss Ssessss 


BREEN. 


TABLE B.—Results of Tests Using Unglazed China 
Impregnated with Triethanolamme for Removal 
of Diborane 


Test Sampling Interval Sampling B:;H,in 
No. (Min. After Time Inlet Air 
Start of Run) (Min.) (Ppm) 


135 
133 


Sssss 


132 
133 
132 
135 


TaBLe C.—Results of Tests Using Silica Gel for 
Removal of Diborane 


Test Interval Sampling B in B:H,in 
No. (Min. After Time Inlet Air Exit Air 
Start of Run) (Min.) (Ppm) (Ppm) 

Started Ended 
135 


139 


135 
135 
132 


sesess 


136 
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TasLeE D.—Results of Tests Using Activated 
Carbon for the Removal of Diborane 


Test Interval Sampling B:H.in B:H,in 
No. (Min. After Time Inlet Air Exit Air 
Start of Run) (Min.) (Ppm) (Ppm) 
Started Ended 


60 


132 


* Test interrupted over night (approx. 14 hr.). 
Vol. 16, Nov., 1957 


B:H,in 
Exit Air 
Started Ended 
ne I. 30 60 5.15 
63 93 39.55 
96 126 66.25 
129 159 11281 
163 193 100.12 
Ul. 30 60 8.80 
61 91 45.60 
93 123 78.00 
124 154 130.00 
a 156 186 135.00 
: 
64 94 
4 9%6 126 
129 159 
192 222 
Il. 0 30 
32 62 
64 4 
96 126 
129 159 
192 222 
ee L. 20 80 = 133 0 
83 113 0 
115 145 0 
147 177 1 
180 210 135 
213 43 
a 246 275 
278 308 135 
311* «336 25 
339 371 32 
Be 373 403 30 
453 483 
bi 497 527 
532 562 
ie 567 595 
— 507627 138 
sin Il. 20 80 60 
x t Air 82 112 30 139 
114 144 
145 175 
~ Started Ended 178 208 135 
I. 8 38 240 270 
1 101 
- 102 132 335 365 
Bs 133 163 1 366 396 
. 164 194 135 1 397 427 130 
445 475 
a Ul. 5 35 138 489 519 
. 37 67 524 554 
69 99 557 587 
. 100 130 130 590 620 = 


Blood Cholinesterase Activity 


Practical Considerations in Routine Testing Programs 


J. H. WOLFSIE, M.D., Linden, N. J. 


Introduction 


Since May, 1948, the chemical manu- 
facturing plant to which I am assigned has 
been engaged in the production of parathion 
(O-O-diethyl-O-paranitrophenyl thiophos- 
phate). Later, malathion (O-O-dimethyl 
dithiophosphate of diethyl mercaptosuc- 
cinate) was added, and then Thimet 
(O-O-diethyl-S-ethylmercaptomethyl dithio- 
phosphate). All of these insecticides are 
inhibitors or inactivators of cholinesterase 
(ChE) enzymes. Because of this, a plan 
of scheduled, periodic determinations of 
blood cholinesterase activity was effected as 
an important part of the program of pre- 
ventive medical care of employees engaged 
in the manufacture and handling of these 
compounds, 

In addition, I have been called upon, on 
many occasions, to assist others in the per- 
formance of the test, in setting up such blood 
testing programs, and in testing samples of 
blood from outside sources in cases of sus- 
pected exposure to ChE-inhibiting insecti- 
cidal compounds, both in industry and in 
their application in the field. 

To date, more than 5,000 sets of ChE- 
activity determinations have been performed. 
In each of these tests, separate plasma and 
erythrocyte samples were analyzed, and, in 
earlier years all tests were performed in 
duplicate, and even in triplicate, for verifica- 
tion. They have served as a reliable index 
of the existence of an exposure, of the de- 
gree of exposure, of the time of exposure 
in many instances, and of the amount of 
ensuing recovery. 


Submitted for publication April 12, 1957. 


Plant Chief Physician, Warners Plant, Ameri- 
can Cyanamid Company. 


The technique employed is a microadapta- 
tion of Michel’s electrometric method? de- 
veloped by Marchand ? and further modified 
by Wolfsie and Winter.* The reference 
values used for 100% ChE activity for 
plasma and for red blood cells are ApH/hour 
0.91 and ApH/hour 0.86, respectively.* 

In our earlier experiences, many difficul- 
ties with the test were encountered which 
had to be resolved, and many lessons were 
learned, before we were satisfied that the 
technique was reliable and reproducible and 
that the results of the test could be justifiably 
interpreted in terms of exposure. It is my 
purpose to offer the reader the benefits of 
these experiences. 


Reliability 


In a number of complaints that have come 
to my attention questioning the reliability 
of the test and the validity of the results, I 
have always felt that the fault was with the 
individual performing the test and not with 
the method. It is a simple technique, the 
equipment used is not complicated, and the 
reagents are easy to control. If one exercises 
the same degree of care and accuracy as 
with other comparable quantitative tech- 
niques, one should not encounter discrepan- 
cies and unreliable results. 


Reagents 


In making up solutions, it has been found 
advisable to use water which has been dis- 
tilled and then deionized. For the sake of 
accuracy, the buffer solutions should be made 
up in not less than 500 ml. amounts and the 
substrate solutions in not less than 100 ml. 
amounts. The substrate solutions should not 
be kept longer than one month. The buffer 
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solutions may last up to two or three months. 
It is possible to have the buffers give the 
correct initial pH but to have a buffer ca- 
pacity which is too low. For this reason, we 
check the buffer capacity before each use 
by titration according to the method of 
Michel.* First, adjust the pH of the buffer 
to 8.00. Then add 0.1 N HCl until the pH 
is 7.00. For 10 ml. samples, the red cell 
buffer should require 1.08 ml. 0.1 N HCl 
and the plasma buffer 0.32 ml. 0.1 N HCl. 


Plasma and Erythrocyte Determinations 
Simultaneously 


For the sake of brevity, some authors have 
advocated the use of serum ChE tests alone 
or whole blood ChE tests. Others have pro- 
posed the testing of only the erythrocyte 
ChE activity on the basis that this represents 
true cholinesterase and more nearly indicates 
the status of enzyme in the tissues. After 
working with this problem for a number of 
years, I am convinced of the value of de- 
termining both plasma and red blood cell 
ChE activity simultaneously. Because the 
two respond differently to exposure in de- 
gree and in time, a knowledge of both values 
is most helpful. Following an exposure to 
parathion, the plasma ChE, which is the 
more sensitive of the two, drops before and 
faster than the red blood cell ChE. Thus, 
when one observes a drop in plasma ChE 
activity accompanied by little change in red 
blood cell ChE activity, this represents an 
exposure of lesser magnitude than when both 
values are significantly depressed. Also, the 
rate of recovery of plasma ChE is much 
more rapid than that of red blood cell ChE 
and the amounts of recovery can be antici- 
pated.® Deviations from this recovery pat- 
tern are seen when repeated exposures occur 
before full recovery from the previous insult. 
If, after an exposure and including the 
period of ChE recovery, both plasma and 
red cell values are determined serially, the 
plotting of these values on a graph will pro- 
duce two different curves. After some ex- 
perience with interpretation of these values 
in terms of exposure, one can deduce, with 
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reasonable certainty, the approximate time, 
and the approximate relative magnitude, of 
the exposure, and whether there was a single 
exposure or multiple exposures, including 
the time and severity of the latter. 


Time Interval 


I have been asked on many occasions what 
time interval should be used between routine 
tests. We have been performing our tests 
every four weeks, but a word of caution is in 
order here. We have employed very rigorous 
industrial hygiene controls, and our experi- 
ence has been excellent. This time interval 
should not necessarily be adopted by others. 
The individual conditions at a particular in- 
stallation must necessarily dictate the most 
suitable time interval. 


Preexposure Values 


In instituting such a program of routine 
testing, it is advantageous to procure pre- 
exposure ChE-activity levels because of the 
wide variation of normal values within 
the population. In terms of ApH/hour, the 
range of variation of the normal curve for 
plasma was found to be 0.44 to 1.38, and for 
red blood cells, 0.53 to 1.21.3 Thus, without 
the knowledge of preexposure values in an 
individual, a set of ChE-activity values with- 
in the lower limits of the normal population 
curve might represent either a ncrmal situa- 
tion or the reflection of a mild exposure. 
Although such a set of values is not seen in 
clinical illness from a cholinergic compound, 
it is important to know whether exposure 
has occurred. Depending upon the time in- 
terval between routine tests and upon the 
number and extent of future continued ex- 
posures, and having in mind the long re- 
covery period when dealing with substances 
that have an irreversible effect on ChE, it 
is not unlikely for repeated lesser exposures 
to continue unnoticed until dangerously low 
ChE-activity levels have been reached. 


Justification for the Test 


It has been argued pharmacologically that 
the effects of certain ChE-inhibitor com- 
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pounds, e, g., parathion, may not be limited 
solely to their effect on ChE enzymes and 
that one does not have the right to prejudice 
one’s thinking to narrowmindedly regard 
lowered levels of ChE, as measured in the 
tests upon plasma and erythrocytes, as 
the only effects of these compounds on the 
human organism. This may very well be so, 
but it does not detract from the practical 
usefulness of the blood tests. The main 
clinical picture is related to the cholinergic 
effects of these compounds, and any other 
additional findings, such as leukocytosis, 
elevation of blood pressure, and others, do 
not measurably alter this clinical picture or 
the rationale of treatment. ; 

The cholinergic effects of these com- 
pounds are due to the marked depression of 
ChE enzymes in the tissues, and not in the 
plasma and erythrocytes.® Cholinergic symp- 
toms and signs of illness do not occur until 
ChE in effector organs and nervous tissue is 
reduced to 20% to 25% or normal or less. 
Since it is hardly practicable to examine 
such human tissue for ChE activity, the 
blood tests serve a very useful purpose as 
a reflection of enzyme activity in the tissues. 
This has been borne out by a number of 
years of experience and familiarity with 
cases of illness and with cases of significant 
depression of ChE activity which had not 
been quite low enough to be associated with 
clinical illness. We have learned that the 
latter indicate definite exposure and serve 
as very important warnings. It then be- 
hooves us to locate the source of exposure 
and to stop it, and another important course 
of action must be the removal of such a 
person from any possibility of further expo- 
sure to any anticholinesterase compound 
until such time as his ChE activity has 
recovered to normal or near normal, because 
such a person, with an already lowered ChE, 
can be made ill with a relatively lesser ex- 
posure than another person whose ChE was 
normal prior to this exposure. There is only 
a relatively narrow range of ChE activity 
from levels at which illness first appears to 
complete inactivation of enzyme, with 
dangerous illness or fatality. 
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In our experience, the lowest set of blood 
ChE-activity levels encountered without ill- 
ness or complaints was ApH/hour 0.20 
(22%) for plasma along with ApH/hour 
0.26 (30%) for red blood cells. They were 
obtained in an employee after a definite skin 
exposure to liquid parathion in a spill. The 
exact time of exposure prior to taking the 
blood sample in this case could not be deter- 
mined because the exposure was originally 
denied and did not become known until many 
weeks later. Also, no symptoms and no ill- 
ness were encountered in any personnel with 
ChE-activity values greater than these. 


ChE Values in Poisoning 


The following, none of which occurred in 
employees of the American Cyanamid Com- 
pany, are examples of ChE-activity levels 
obtained in cases of parathion poisoning. 
Some of the clinical information is rather 
sketchy, but it was all that was available. 
The blood tests were performed in our 
laboratory. 

(a) A 28-year-old Negro woman with lethargy, 
salivation, diarrhea, weakness, profuse perspiration, 
and miotic pupils. A blood sample taken 24 hours 
after onset of illness showed ChE-activity values 
of ApH/hour 0.13 (14%) for plasma and 
ApH/hour 0.05 (6%) for erythrocytes. 

(b) Onset of illness with perspiration, chills, 
dizziness, vomiting. Blood sample taken 36 hours 
after onset of illness showed ChE-activity values 
of ApH/hour 0.12 (13%) for plasma and ApH/ 
hour 0.14 (17%) for erythrocytes. 

(c) Acute onset of profuse perspiration, dizzi- 
ness, apprehension, and vomiting. Blood sample 
taken 64 hours after onset of illness showed ChE- 
activity values of Aph/hour 0.27 (30%) for plasma 
and Aph/hour 0.28 (33%) for erythrocytes. 

(d) Acute onset of profuse perspiration, chills, 
dizziness, lacrimation, salivation, miotic pupils, 
muscle twitching, vomiting, generalized convul- 
sions, and pulmonary edema. Blood sample taken 
66 hours after onset of illness showed ChE-ac- 
tivity values of ApH/hour 0.10 (11%) for plasma 
and ApH/hour 0.18 (21%) for erythrocytes. 

Note the time that the blood sample was 
taken, after the onset of illness in the above 
cases, 


ChE Values in Routine Testing 


The worth of a routine blood testing pro- 
gram has been demonstrated repeatedly. The 
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Figure 1 


following cases are examples of the useful- 
ness of this test as a gauge of exposure and 
of the type of information which can be 
deduced from the results. These values were 
taken from the records of our routine testing 
program involving chemical operators con- 
cerned in the manufacture of parathion. 

In the first case (Fig. 1), the first two 
sets of ChE-activity values show nothing 
remarkable. Note that these plasma values 
are higher than those of the red cells, which 
relationship has been found in the majority 
of normal sets of values. Then on Feb. 
28, the plasma ChE dropped to below the 
red cell value, which is what one expects in 
a mild exposure, the plasma ChE being more 
sensitive to the anticholinesterase than the 
red cell ChE. The man was cautioned and 
his supervisors were advised of this finding. 
When, in spite of this, he showed still fur- 
ther depression of ChE activity on April 12, 
he was temporarily transferred to another 
department to remove all likelihood of fur- 
ther exposure to an anticholinesterase, Be- 
cause he showed good recovery, he was 
allowed to return to his original department 
after the April 26 values were known. Notice 
that once again the plasnia ChE activity ex- 
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ceeds that of the red cells on April 26, After 
this latter date, the values indicate that there 
were very mild additional exposures. 
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In the second case (Fig. 2), the man 
spilled liquid parathion onto his coverall legs 
on Nov. 30. He immediately showered and 
changed his clothing. There were no symp- 
toms or signs of illness. The values in 
December indicate recovery from ChE de- 
pression, and, had blood tests been per- 
formed directly after the Nov. 30 exposure, 
they would have indicated significantly 
lowered ChE activity. This is an example, 
too, of a person whose red blood cell ChE 
activity normally is higher than that of 
plasma, 

In the third case (Fig. 3), the ChE- 
activity values obtained on Aug. 9, in light 
of the previous declining values in an in- 
dividual whose plasma ChE activity normally 
was known to be considerably higher than 
that of the erythrocytes, necessitated trans- 
ferring the man on Aug. 10 to another de- 
partment, which in this case was the 
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department manufacturing malathion. The 
ensuing ChE-activity values are typical of 
those seen in recovery following exposure. 

In the fourth case (Fig. 4), the values 
through April 11 indicate repeated or con- 
tinued mild exposures, not only without the 
expected amount of recovery but also with 
gradually decreasing values on successive 
tests. For this reason, in addition to in- 
dustrial hygiene investigations and caution- 
ing the man and his supervisor, the tests 
were repeated on April 13 rather than wait- 
ing until the time of the next routine periodic 
tests. Because of significant further ChE 
depression on April 13, the man was trans- 
ferred temporarily on April 19 to another 
department removed from anticholinesterase 
compounds, After the April 26 and May 10 
values, indicating expected recovery, the man 
was allowed to return to his original depart- 
ment. Subsequent ChE-activity values, how- 
ever, indicate an interruption in the normal 
recovery pattern due to very mild exposures 
which were enough to prevent the plasma 
ChE from fully recovering. If these latter 
exposures had not occurred, the recovering 
red cell ChE would have shown uninter- 
rupted and progressively increasing values 
and the plasma ChE would have exceeded 
the red cell ChE subsequent to May 10 and 
would have remained at higher levels than 
the red cell ChE, 

In the fifth case (Fig. 5), the continued 
downward trend in ChE-activity values 
necessitated removing this man from his 
department on July 23. Following ChE re- 
covery, he returned to his original assign- 
ment on Aug, 17. Because of later ChE 
depressions, he was again transferred out of 
his department, this time on Oct. 7. Again 


after recovery, he was allowed to return to 
his regular job on November 2. 


In the sixth case (Fig. 6), rather low 
ChE-activity values were found on Aug. 14, 
in routine testing, in a man who had been 
in the parathion department for a relatively 
short time and on whom there were no 
previous values (preexposure levels). There 
were no symptoms or signs of illness, Al- 
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Figure 4 


though the next two tests, viz., on Aug. 20 
and 22, showed recovery, the man was never- 
theless removed from the department on 
August 24 because repeated and extensive 
questioning of this man and of his super- 
visor failed to reveal how and why he was 
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exposed and because of the concern about 
further exposure in an individual with such 
low ChE levels. On Aug. 30,-however, there 
was further depression of ChE and it was 
considered as evidence of an additional ex- 
posure, even though he was no longer in a 
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Figure 6 


department where there were any anti- 
cholinesterases. He was sent for and asked 
if he was wearing any clothing or protective 
equipment in the new department that he 
may have used in the parathion department, 
whereupon it was learned that he was wear- 
ing a pair, of rubber booties that he had used 
in the pafathion department. These booties 
were confiscated, after which the ChE values 
showed the expected recovery pattern. On 
Sept. 25, the man confessed that he had had 
a spill in the early part of August in which 
his clothing was badly splashed with para- 
thion. He believed that his booties might 
have been contaminated on the inside. These 
were the booties he wore in his new depart- 
ment. He explained that he did not report 
this incident to his supervisor for fear of 
serious reprimand. After showing good re- 
covery of ChE, he was allowed to return to 
the parathion department on October 1. 
Reference to the graph reveals an interrup- 
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tion in the normal recovery pattern indicative 
of a lesser exposure in the first week of 
October, subsequent to his return to the 
parathion department. On November 10, 
parathion sprayed onto the legs of his cover- 
alls, which were promptly removed followed 
by a soap and water shower bath and com- 
plete change of clothing. The ChE-activity 
values determined subsequent to this latter 
episode are indicative of a mild exposure. A 
red cell ChE-activity value does not appear 
on the graph for Sept. 8 only because one 
of the reagents was ruined, and this part of 
the test could not be performed on that date. 


Clinical Judgment 


It is recognized that a laboratory test 
should not be the sole reliance in a case of 
illness, for making a diagnosis, when this 
reliance is to the exclusion of good clinical 
judgment. The following case illustrates this 
point. 
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Two employees at another company were work- 
ing in a talc car one morning and finished empty- 
ing it at 11:00 am., at which time they used the 
exhaust of a vacuum cleaner to blow the tale dust 
off their clothes. This vacuum cleaner had been 
used to clean up parathion dust. These men had 
never worked with parathion or other similar 
compounds. One man showered at the end of 
work, and the other did not. About four hours 
later (3 p.m.), the latter employee noticed dizzi- 
ness and abdominal pain and was admitted to a 
hospital at 4 p.m. of the same day. 

When seen in consultation on the next day, he 
appeared acutely ill and in great distress, and 
complained a great deal of diffuse abdominal 
pain but more concentrated near the left lower 
ribs. On questioning, it was learned that this 
abdominal pain was not in the nature of a cramp 
or colic and he had had previous episodes of 
abdominal pain. Also, he did not have any profuse 
perspiration, sense of constriction in the chest, 
nausea, vomiting, diarrhea, muscle twitchings, or 
convulsions. The hospital records indicated that 
he received atropine sulfate hypodermically, 1.20 
mg. (grain 1/50) on admission, followed by eight 
doses of 1.00 mg. (grain 1/60), and had been 
given oxygen. His temperature had been between 
101 and 102 F, pulse rate around 110/minute, and 
respirations were increased to 40/minute. The 
white blood cell count was a little over 16,000, 
with 83% polymorphonuclears. The red blood cell 
count and hemoglobin were normal. On physical 
examination, his pupils were somewhat dilated and 
equal, and reacted to light. There was no pul- 
monary edema. The abdomen showed marked and 
diffuse tenderness and also rebound tenderness; 
there were no operative scars. 

A sample of blood was obtained for cholinester- 
ase activity determinations, although I did not feel 
this was a case of parathion poisoning but rather 
one of perforating peptic ulcer. An erect ab- 
dominal x-ray, taken at once, showed air under 
the right diaphragm. After surgical consultation, a 
laparotomy was performed, at which a perforated 
gastric ulcer, with beginning evidence of sealing, 
was found, along with free peritoneal fluid. 

The cholinesterase activity of the plasma and 
erythrocytes, incidentally, was normal. 

On the other hand, there have been in- 
stances where a person or group of persons, 
after learning of the symptoms of parathion 
poisoning, promptly became ill with a chain 
of symptoms consistent with parathion 
poisoning. The blood cholinesterase tests, by 
demonstrating entirely normal values, have 
served to quell such episodes of hysteria. 
These tests have likewise been of value, 


when normal, in convincing the uninformed 
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that poisoning from an organic phosphate 
insecticide did not exist in cases which 
clinically bore no resemblance whatsoever to 
a case of poisoning from an anticholines- 
terase compound. 


Industrial Hygiene Considerations 

It cannot be overemphasized that one 
should not assign a false reliance on the mere 
use of this test to the exclusion of other 
vitally important industrial hygiene and pre- 
ventive medical measures. ChE-activity tests 
can then serve as a check on the effectiveness 
of the preventive measures. One must not 
be smug because he is employing a test which 
will give him an index of exposure, no 
matter how reliable the test may be. 


Summary 


An attempt is made to deal with the 
practical usefulness of a blood ChE activity 
testing program when employed as a com- 
plemental measure in a preventive medical 
program where one is concerned with the 
toxic effects of phosphate ester insecticides. 
The greater value of simultaneous deter- 
minations of both plasma and erythrocyte 
ChE activity is stressed, as opposed to single 
or whole blood determinations. 

Examples are given to demonstrate the 
valuable information that can be obtained 
from the routine use of a simple technique. 
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Effect of Air Contaminants on Reproduction and 
Offspring Survival in Mice 


PAUL KOTIN, M.D., and MARILYN THOMAS, B.A., Los Angeles 


The ever-expanding urbanization and in- 
dustrialization of society have resulted in 
an accompanying progressive increase in 
contamination of the atmosphere. In the 
past several transient intervals of high pol- 
lutant concentration in the atmosphere have 
resulted in significant increases in morbidity 
and mortality, and it has become the custom 
to refer to them as disasters.'* The possi- 
bility that air contaminants may have an 
adverse biological effect at the low concen- 
trations which regularly occur in urban 
areas has been a matter of serious public 
health concern. In the Los Angeles area 
geographic, meteorologic, and industrial fac- 
tors have united to make the problem one 
of particular gravity. We have been en- 
gaged in both an experimental and a clinical 
study aii ‘ed at assessing the effect of atmos- 
pheric pollutants on health. 

In earlier studies we reported our inability 
to demonstrate significant biological _re- 
sponses in intact adult animal species fol- 
lowing exposure to naturally occurring 
concentrations of atmospheric pollutants.*-® 
Prior to exonerating even low concentra- 
tions of atmospheric pollutants as health 
hazards we were impressed with the need 
for a biological system capable of respond- 
ing to minimal concentration of contami- 
nants. One method selected in pursuit of 
this consisted of a study of conception in 
mice and the survival pattern of the new- 
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Experimental Methods 


Twelve-week-old C57 Black mice of approxi- 
mately equal weight (within 1 gm.) were used 
in this study. Ten cages of mice consisting of two 
females and one male each were housed in identical 
galvanized iron cages. They were placed in three 
contrasting atmospheric environments for study. 
The test environment was made up of a smog 
formed by reacting gasoline with ozone in an in- 
halation chamber by a method previously de- 
scribed.” One control consisted of washed air 
introduced into a duplicate chamber after filtration 
through successive banks of mechanical and 
activated carbon filters. Exposure to these two 
environments was continuous. Urban atmosphere, 
with its daily variations in pollutant concentration, 
as it occurs in the Los Angeles area was used as a 
second control. 

Pollutant concentration in the test chamber was 
measured daily by means of the neutral buffered 
potassium iodide and reduced phenolphthalein 
methods and was recorded in parts per million 
(ppm) of oxidant. The average concentration 
1.25 ppm. The washed air chamber was 
checked weekly for atmospheric purity. Values for 
the daily variation in the oxidant level to which 
the urban air group was exposed were obtained 
from the Los Angeles County Air Pollution Control 
District. 
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Measureable concentrations of pollutants 
were recorded for approximately 60% of the days 
during the experiment, and the highest reading 
recorded was 0.4 ppm total oxidant. The duration 
of the experiment was 19 weeks, from Dec. 28, 
1955, to May 10, 1956. 

The mice were fed a standard laboratory diet, 
and water was given ad libitum. Pregnant ferhales 
were isolated in separate cages in the appropriate 
environment immediately upon discovery of their 
state. Males and nonpregnant females were weighed 
at weekly intervals. 


Results and Comment 


The modifying effect of contaminated air 
was assessed in three ways: (1) the ability 
of females to conceive, (2) the sizes of 
litters produced, and (3) the survival rate 
of the newborn until the weaning period. 
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TABLE 1.—Conception Rate and Pattern * 


Los 
Mice Smog Angeles Washed 
Air Air 


Pregnant females 13 1 
Cages with no pregnant females 3 

Cages with 1 pregnant female 1 
Cages with 2 pregnant females 6 


4 
3 
0 
7 


* 10cages in each environment: 2 females and 1 male each cage. 
Total, 90 mice. 
We further were interested in determining 
whether any adverse effects produced were 
referable to the male, the female, or both. 
The conception rate of mice and the break- 
down of pregnant females per cage is 
shown in Table 1. The difference in concep- 
tion rates between the females in the smog 
chamber when contrasted with those in the 
Los Angeles air and washed air is signifi- 
cant. Tests of significance were calculated 
independently for smog and washed air and 
for smog and Los Angeles air. A P value 
of 0.025 was observed in both instances. 

The adverse effect of the polluted at- 
mosphere on conception may reside in 
several factors. The first of these is that 
our findings represent one manifestation of 
an over-all reduced level of physiologic ac- 
tivity. While this is perhaps a most likely 
theoretical explanation, it conflicts with both 
clinical and experimental findings of our- 
selves and others. We have been successful 
in demonstrating adverse biologic effects in 
animals only after exposure to abnormally 
high concentration of atmospheric pollut- 
ants for prolonged periods of time.*7 In the 
current instance evidence exists for over-all 
physiologic accommodation to the polluted 
atmosphere. Plots of weight curves of the 
animals in the three contrasting environ- 
ments all demonstrated parallel anticipated 
weight gains. Additional evidence of posi- 
tive adaptation could be found in the satis- 
factory conditions of the furry coat and the 
demonstration of normal neuromusclar re- 
sponses to stimuli. Finally, abnormal mor- 
bidity or mortality was absent in each of 
the sets of mice. In the absence of any 
easily discernible alteration in the total 
physiologic state of the mice, one may in- 
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TaBLe 2.—Expected and Observed Litter Rate per 
Cage (Smog Chamber) 


Litter Rate—Chance Calculation Expected Observed 
Nope in both females (14/20) *=0.49 4.9 4 


One for single female 2(6/20)(14/20)=0.42 4.2 6 


Both females pregnant (6/20) *=0.09 0.9 0 


quire as to a specific or direct effect of 
smoggy air on conception. 

The significant difference in litter rate 
between the smog chamber and the control 
environments made it advisable to determine, 
if possible, whether the male or the female 
was responsible for the findings. If the 
effect were on the females, the two females 
in each cage should show no uniformity in 
conception, whereas if the effect were on 
the male both females would be predomin- 
antly alike, that is, with or without litters. 
To determine which sex might be responsible 
for the differences noted in the smog cham- 
ber, we calculated the expected litter rate 
under chance conditions (Table 2) and com- 
pared it with the observed rate of 6 out 
of 20 females as noted in Table 1. The 
apparent similarity between the expected 
and observed rates even in the presence of 
the small numbers of animals suggests that 
the effect is primarily on the female. 

Further evidence indicating a direct if not 
specific effect of smoggy atmosphere on 
parent and/or offspring can be noted in 
analyzing survival in the newborn mice at 
the time of weaning. All cages were 
examined three times daily for the presence 
of litters and removal of dead newborn 
mice. Males were promptly removed from 
cages in which litters were discovered. 
Weaning of mice took place on the 21st day. 
After birth newborns were continually ex- 
posed to smog until the time of weaning. 


Taste 3.—Total Births and Survival Until 
Weaning 


Smog Air Los Angeles Washed Air 


Number of litters 17 38 45 

Total mice born 106 254 325 

Total mice surviving 4 161 215 
until weaning 
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EFFECTS OF AIR CONTAMINANTS ON MICE 


The total number of mice born and the 
number and per cent surviving until wean- 
ing are shown in Table 3. A marked differ- 
ence in survival until the weaning period was 
noted when smog chamber newborn mice and 
those born in the two control groups were 
compared. A P value of 10~%° was obtained 
when the former was statistically contrasted 
with the latter two. This finding parallels 
that obtained in analyzing the data on con- 
ception. A small percentage of newborn 
mice that died in the smog chamber were 
not recoverable intact. Cannibalism on the 
part of the parent was evidenced by the 
occasional recovery of body parts of new- 
born mice. This observation was noted 
rarely in the remaining two control atmos- 
pheres as well. 


The average litter sizes in all three en- 
vironments (- standard error of the mean) 
are as follows: smog air, 6.2+0.36; Los 
Angeles air, 6.7+0.30; washed air, 7.2+> 
0.26. Analysis of the data yields a P value 
of less than 0.05 when the mice in the 
smog chamber are contrasted with those in 
the washed air chamber. No significant 
differences exist between the test mice and 
those in the Los Angeles air. A significant 
difference between the litter sizes in any 
of the three groups of mice was not antici- 
pated. In view of the known mutagenicity 
of the highly reactive group of peroxides in 
our smog chamber, one can only speculate 
that this difference may be a reflection of 
this capability. 


Conclusion and Summary 


extensive studies of atmospheric pollut- 
ants in low concentration on a broad range 
of both in vivo and in vitro systems have 
failed to reveal any consistent, significant 
modifying effects. The physiologic reserve 
in the organ and organ systems of the intact 
host and the stability present in a balanced 
in vitro biological system may account for 
this failure. Prior to concluding that no 
effect is produced, it is necessary to establish 
that subtle responses are capable of detec- 


Kotin—Thomas 


tion. An alternate method of evaluating 
minimal effects is to use experimental 
methods involving labile biological states. 
The conception period and the newborn state 
represent highly labile and reactive periods 
of life in any given species. It is consistent, 
therefore, that a low-level biological chal- 
lenge could elicit responses only under these 
circumstances. 


Smog, as synthetically reproduced in our 
chambers by reacting gasoline and ozone, 
significantly reduces the ability of C57 Black 
mice to conceive. When conception does 
occur, litter sizes in the test animals show 
borderline variations in significance. The 
effect of our test environment was most 
severe on newborn mice, practically all of 
which died prior to weaning. 


Dr. Robert D. Boche, research associate, Virus 
Laboratory, College of Medical Evangelists, helped 
in the statistical analysis of the data. 


University of Southern California School of 
Medicine, 1200 N. State St. (33). 
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Dry Aluminum Powder Therapy for Thermal Burns 


MARVIN D. MAXMEN, B.A., M.D., Toronto 


In the majority of centers in which rela- 
tively large numbers of thermal burns are 
treated, the exposure method has supplanted 
the occlusive dressing method as the treat- 
ment of choice for the local burn wound. 
The exposure method of treatment, as wide- 
ly practiced, is to be discussed in a separate 
presentation by Commander Van Petten. 

Our clinical experience with the exposure 
method, in treating thermal burns in chil- 
dren, closely paralleled that reported from 
a number of centers. In spite of a number 
of apparent disadvantages of the method, 
we accepted it as superior to the occlusive 
dressing method for the majority of cases. 

The serum clot, as it developed unaided, 
tended to be vary fragile and cracked read- 
ily, particularly over moving parts and 
across joints. Once the cover was broken, 
serious infection could become established 
rapidly beneath the crust. Various com- 
binations of traction and suspension have 
been applied to minimize this possibility. 
Also, various antibiotic powders have been 
applied topically to supplement the exposure 
method, with questionable benefit. In gen- 
eral, circumferential burns were not consid- 
ered suitable for exposure. Treatment was 
limited to the hospital inpatient. If anything, 
more nursing care was required than with 
the former occlusive method. If, by some 
means, the serum eschar could be formed 
more rapidly and rendered more durable, 
these disadvantages would be largely over- 
come. Search was made, therefore, for an 
innocuous substance, capable of producing 
the astringent coating effects of tannic acid, 
with all the attendant advantages but with- 
out its disadvantages. 

In 1947, during the testing of various 
metallic powders, the astringent coating ef- 
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fect of aluminum powder was noted. Two 
clinical burns were treated with aluminum 
powder and occlusive dressings with satis- 
factory results. At the time, however, alu- 
minum foil was considered superior. 
Interest in the powder was renewed after 
the report of Fuchs and Lutzeyer from 
Germany in 1950. They claimed favorable 
results treating 20 severe burns with alumi- 
num powder and occlusive dressings. 

We soon found that in mice subjected 
to a back scald a very tough pliable cover 
was obtained rapidly, after one liberal appli- 
cation of aluminum powder. It was possible 
also to form the same type of membrane in 
vitro by adding aluminum powder to a 
variety of protein dispersions. 

Clinical trials, combining dry aluminum 
powder with exposure, were undertaken in 
1952, using four samples of aluminum 
powder differing in particle size. These were 
supplied by Dr. Dudley Irwin, Medical 
Director of the Aluminum Company of 
America, in Pittsburgh. Analysis by that 
company showed the powder to have an 
aluminum oxide content of not more than 
5%, containing traces of iron and silica but 
free from lead and other injurious metals. 

The sample having a particle size of 5p 
proved unsatisfactory. This was a black, 
sooty powder which did not form a cover, 
and, in fact, caused a disagreeable black 
tattoo in the one case attempted. This 
gradually faded out over a period of three 
months. The samples having a mean particle 
size of 250u and 500p respectively proved 
too coarse to give a good cover. Aluminum 
powder with a mean particle size of 50y 
formed a very satisfactory cover on the burn 
surface and has been under trial for a period 
of five years. The powder is sterilized by 
baking in a dry heat for two hours at 320 F. 
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ALUMINUM POWDER FOR BURNS 


In our routine care, under mild to mod- 
erate sedation, the burn surface is cleansed 
with a detergent, cetyl trimethyl ammonium 
bromide (Cetavion) and saline; the blisters 
are broken and the loose skin débrided. The 
moist surface is then gently blotted dry with 
a sterile towel. Various methods of appli- 
cation of the aluminum powder were tried, 
and we found it best used as a dusting 
powder. A bright, moist metallic aluminum 
cover forms at once. On the ward, alumi- 
num powder is applied by the nurse as 
necessary to keep the surface dry—usually 
about every 6 hours over the first 48 to 
60 hours. By this time a tough, dry, pliable, 
painless aluminum eschar covers the dé- 
brided burn area. This cover bends rather 
than cracks; consequently special splinting, 
traction, and suspension have not been nec- 
essary. In circumferential burns, surgical 
towels heavily dusted with aluminum powder 
are placed beneath the patient to prevent 
direct contact with the bed linen and so 
allow the eschar to form. Deep burns tend 
to form a characteristic thicker ripple cover, 
allowing early differentiation of depth. An- 
tibiotics are given only when indicated. 

In deep circumferential burns it may be 
necessary to split the eschar about the body 
to allow freer respiratory excursion or 
about the extremities or digits because of 
circulatory impairment due to tourniquet 
effect. 


The eschar gradually separates from the 
edges, with complete healing of second de- 
gree burns in from 8 to 12 days. The raised 
edges are clipped with scissors to prevent 
inadvertent tearing away of the eschar from 
unhealed areas. Adherence of the eschar 
beyond the 14th day is diagnostic of deep 
burn. This eschar can be readily removed, 
using scissors and forceps, by the 16th day 
without traumatizing the underlying surface. 
Wet dressings are then used in preparation 
for skin grafting. No adverse reactions to 
aluminum powder, either local or systemic, 
have been encountered. 


In some cases, inpatient care is given only 
until a dry cover is obtained, with subse- 
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quent treatment being handled with ease on 
an outpatient basis. 

In addition to the inpatient group, which 
now numbers approximately 600 cases 
treated, a large number of minor burns have 
been treated on an outpatient basis com- 
pletely. A number were left exposed and 
the parents instructed to apply aluminum 
powder supplied them. In spite of our ex- 
tending this experiment to a relatively large 
number of burns, complications did not 
develop, suggesting that exposure therapy, if 
necessary, might be feasible on an ambula- 
tory basis. 

Should the situation arise wherein large 
numbers of burns must be treated simul- 
taneously, the majority will of necessity be 
treated by the exposure method. The num- 
ber of qualified personnel likely to be avail- 
able would be unable to do more than 
supervise the early treatment. The actual 
treatment, therefore, would fall to persons 
of lesser training, or to the victims them- 
selves. In either case, the periodic applica- 
tion of aluminum powder over the first 48 
hours could be accomplished with a mini- 
mum of effort. Also, where associated 
injuries or conditions of transport necessi- 
tate dressing a part, the application of 
aluminum powder is not contraindicated and, 
in fact, because of its astringent coagulative 
properties, is superior to petrolatum gauze 
and similar dressings. 

In conclusion, aluminum powder coated 
with oxide is an innocuous substance, capa- 
ble of producing astringent coating effects 
comparable to tannic acid when applied 
locally to the acute thermal burn. The 
resulting eschar is tough and pliable and 
tends to bend rather than break, and so 
splinting, traction, and suspension are not 
necessary. Circumferential burns can be 
handled with ease. The addition of dry 
aluminum powder, therefore, allows appli- 
cation of the exposure method in all cases 
of thermal burns with a marked reduction 
in the hours of nursing care necessary and 
without apparent disadvantage. 

Frimentte Court, 740 Kennedy Road. 
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The Exposure Method in the Treatment of Burns 


CMDR. GEORGE T. VAN PETTEN (MC), U. S. N. 


| propose to deal primarily with the 
management of the burned surfaces as 
applied to the particular problems associated 
with the exposure technique. 

The Cocoanut Grove, Texas City, and 
Hartford circus fires and the U. S. S. Ben- 
nington explosions are stark examples of 
severely burned patients in large numbers. 
The possibility of atomic explosion resulting 
from either military or industrial use of 
atomic energy could confront us with an 
even more staggering burn problem. 

The exposure technique of managing the 
burned surfaces is extremely well-suited to 
such a catastrophe. It is therefore of ut- 
most importance that all workers in various 
phases of medicine, first aid, nursing, and 
associated fields not only have a thorough 
working knowledge of the general manage- 
ment of burns but also realize the advan- 


tages and peculiarities of the exposure 
technique. It may, under major disaster 
conditions, be the only workable means of 
treating large numbers of casualties with 
a limited number of trained personnel. 


Efficient management of burn casualties 
demands standardization of techniques. The 
optimum requirements may be comprised to 
meet the situation but in general must in- 
clude blood and electrolyte to manage shock, 
tetanus antitoxin or toxoids, some sedation 
for relief of pain, nasogastric suction for 
gastric dilation, tracheotomy for burns of 
the respiratory passages, antibiotics in large 
doses, maintenance on a high-caloric high- 
protein diet with supplementary vitamins, 
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and a standardized simple method of manag- 
ing the burned wounds. The treat:nent of 
the burned surface, while the most spectacu- 
lar phase of the burn problem, is secondary 
to the patient’s general condition and should 
be deferred until his condition is stable. 
The exposure method is well adapted for 
use in the individual case but becomes man- 
datory in planning for mass casualty prob- 
lems. It consists of leaving the burned 
surfaces open to the air with the resultant 
formation of a dry, protective eschar. No 
medication is applied to the surfaces, but 
they are not ignored. 
marked advantages. 


There are several 
Great stockpiles of 
costly sterile dressing materials are unnec- 


Fig. 1.—This is a steam burn, first and super- 
ficial second degree, treated by the open method on 
the second day after burning. The blisters have 
been left intact, but some of the deeper areas have 
the blisters broken and they are about to be 
débrided. This patient was back on duty aboard 
his ship in about 14 days. 


* 
1 
— 
— 
4 
ea 
= 
| 
\ 


EXPOSURE TREATMENT OF BURNS 


Fig. 2A.—This is an arm on the fourth day after 
burning. The coagulum is firm, although it is not 
as thick as it will appear later. 


essary. Trained personnel and operating 
rooms are free to administer to the other 
needs of the patients instead of being in- 
volved in time-consuming dressing changes. 
The tourniquet effect of dressings on respi- 
ration and limbs is eliminated. The tempera- 
ture regulatory mechanism is not hampered 
in the elimination of excess body fluid and 
body heat, as so often happens under most 
dressings. 

The patient's morale is better, since the 
extent of the burn is not exaggerated by a 
circumferential dressing. Odor is almost 
absent. Most important of all, infection is 
markedly reduced. 

Deep second-degree burns are not subject 
to the threat of maceration, with resultant 
conversion to full-thickness injury. Normal 
adjacent skin is able to function with 
maceration and secondary infection. The 
coagulum presents a very poor culture me- 
dium. It is dry and relatively cool. When 
areas of infection occur, they can be noted 
quickly and drained easily, thus preventing 
destruction of what islands of epithelium 
are present and minimizing the amount of 
grafting necessary. Toxic absorption from 
the surface is thereby reduced. 

Initially, the patient is placed on sterile 
or, if those are not available, freshly laun- 
dered sheets. Overlying sheets are supported 
on a frame or cradle to ward off draft, but 
in such a way as not to touch the surfaces. 
A comfortable temperature is 75 to 80 F; 
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Fig. 2B.—Here is the same arm during the third 
week. Epithelialization is almost complete. This 
is a nice dry eschar. Notice the fine nodular ap- 
pearance of the coagulum in this area in the 
presence of good epithelium developing from 
underlying hair follicles. 


the presence of a draft will cause chilling. 
In wards full of casualties the doors and 
windows should be screened and gowns and 
masks worn. Masks have not been used 
when the occasional burn patient is man- 
aged by the exposure treatment technique 
on the open ward. There has been very little 
difference in the infection rate. 

Burned areas initially are débrided very 
gently, with removal only of loose materials 
washed with hexachlorophene (pHisoHex) 
and flushed with saline. Dressings and any 
previously applied medication are thereby 
removed. No topical antibiotics or other 
agents are used locally. Blisters are initially 
left intact. 

After 48 to 72 hours a dry coagulum 
forms. This protects the surface from air, 
and the patients are reasonably comfortable, 
usually requiring very little sedation. The 
burned areas must be inspected daily; on 
the first signs of an infection of the wound 
or of any significant temperature elevation 
of the patient further débridement is done. 
Infected blisters are removed and a new 
coagulum forms very nicely after the in- 
fected areas are deébrided. This débride- 
ment can be done simply, on the ward, with 
an intravenous dose of narcotic. 

The eschar overlying superficial partial- 
thickness burns begins to peel in 10 to 
14 days, leaving new, firm epithelium. 
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Fig. 3—Faces do extremely well with the ex- 
posure technique. This patient is in the latter 
part of the second week or early in the third 
week. This slide points up the importance of 
tracheotomy, or at least considering tracheotomy, 
in patients with burns about the face and nose. 
The patient had no inhalation burns and healed 
completely by the end of the fourth week with no 
graft. 


Deeper partial-thickness burns, in which 
new epithelium must regenerate from hair 
follicles and sebaceous glands, heal in three 
to four weeks. This coagulum over the 
deeper partial-thickness burns becomes nod- 
ular and thick before healing is complete, 
and it flakes off. 

Over full-thickness burns the eschar 
forms at the same speed. It remains intact 
for 12 to 15 days before it becomes moist 
and separates. As soon as the eschar be- 
comes moist, daily dressings are applied in 
preparation for grafting. The separation 
of the eschar in the early stages need not 
be hurried. Many areas which have initially 
been considered to be full-thickness burns 
are found to shed their covering and leave 
serviceable healed epithelium beneath. Early 
excision of the eschar in such areas will 
destroy small epithelial islands and necessi- 
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tate skin grafts. Premature grafting in 
extensive burns can even jeopardize the 
patient’s chances for survival. 

The classical changes heralding a full- 
thickness burn, namely, coagulation of sur- 
face vessels, loss of sensation to pinprick, 
and an early, dry, leathery type of eschar, 
are not entirely foolproof. It is better to 
wait until they become moist before defi- 
nitely deciding which are deep second-de- 
gree and which are full-thickness eschars. 
A fine nodularity of such an eschar appear- 
ing upon the 6th to 12th day, the coagulum 
remaining dry, is a safe indication that 
epithelialization is progressing satisfactorily. 

Certain areas of the body require special 
attention in the exposure technique. Hands 
and arms should be maintained at mild ele- 
vation. In order to prevent a contracture 
they should perform active motion in a 
warm saline bath after 72 hours, or when 
the eschar begins to crack. This should be 
done for 20 minutes, twice a day. In the 
interim they may be left exposed at elevation 

Fig. 4.—This patient points up the amount of 
protection that even a pair of white cotton under- 
shorts gives in high-intensity short-duration flash 
burns, the type of thing we could expect to see in 
an atornic situation. He has second-degree burns 


of both legs and the back, but over the area where 
he has his shorts on he has very little burn. 
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EXPOSURE TREATMENT OF BURNS 


Fig. 5—A view of a patient on the Stryker 
frame. This man had second-degree areas of his 
entire chest, arm, and leg. Note a_ polyvinyl 
catheter inserted via percutaneous needle into the 
femoral vein and threaded up into the vena cava. 
This is a very handy means of giving fluids to 
debilitated patients, not only patients with burns 
but other types of debilitated patients where cut- 
down would not be as satisfactory. Usually a 
cut-down will not work after about 3 or 4 days, 
whereas these can be kept intact for up to 10 days 
or longer. There is a certain amount of danger 
from thrombosis of iliac vessels surrounding the 
catheter, or thrombosis extending up into the vena 
cava. 20 cases in which we had these in the 
Bennington group, some developed some complica- 
tions associated therewith. We gave heparin in all 
the bottles of fluids administered, but even with 
that we found four cases to have some degree of 
thrombosis. 


Fig. 6A.—This is the same patient as in Fig. 5 


with second-degree circumferential burns, on a 
Stryker frame, showing the coagulum which has 
formed nicely on his back. 
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to prevent edema. The coagulum will not 
become as firm as in other areas, but it 
serves as a very effective covering. Under 
this technique these partial-thickness burns 
heal as rapidly as in other areas. Full- 
thickness areas are treated with dressings 
in preparation for grafting as soon as they 
have declared themselves, usually in 10 to 
14 days. 

Patients with burns of the anterior neck, 
of the chest, and of the lower face should 
be maintained with the neck in extension in 
order to minimize formation of flexion 
contractures of the neck. Circumferential 
burns can be managed by the exposure tech- 
nique. This requires that the patient be 
turned either in bed or, preferably, on a 
Stryker frame from front to back at four- 
to six-hour intervals, permitting all areas 
to be open to the air for equal periods. A 
drying light bulb over the area will aid in 
the formation of the eschar. 

Once the coagulum is formed, if the 
patient is not ambulatory, turning must con- 
tinue or breakdown occurs. 

There are certain disadvantages to the 
exposure method. A hospital environment 


Fig. 6B.—This is the same patient after five 
weeks, 
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Fig. 7A.—Deep second-degree of the legs 
and arms. Here we can see an angle-iron frame 
which we had made extending over the bed to hold 
the sheets off the patient as a form of a tent to 
prevent draft and chilling. This is in the third 


Fig. 8—This patient had extensive flash burns. 
This is on the ninth day after burning and points 
up the difficulty in determining how much is full- 
thickness and how much is partial-thickness. His 
back, the back of his head, and his face healed 
very nicely, with no grafting required. His arm 
burn was full-thickness and was beginning to de- 
clare itself toward the end of the second week. 
It then required daily dressing with petrolatum 
gauze until it was fully débrided and ready for 
surgery. 


Fig. 10.—This and Figure 11 are pictures of 
hands managed by the technique outlined here, with 


very nice functional result. The darker pigmented 
areas are the application of skin grafts. 


Fig. 9—The expostre treatment lends itself 
very nicely to the management of burns associated 
with other injuries. This man had a simple frac- 
ture of the humerus. A pin and skeletal traction 
was applied right through the burned area, and 
traction was maintained during the exposure tech- 
nique. This ultimately was a full-thickness burn 
with charring of the fingers. 


Fig. 11—A different patient, with the same 
problem, shows the almost complete mobility, the 
full motion, that he had after his graft. 
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Fig. 7B.—This is the same leg on the 35th day. 
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or at least a warm building is necessary 
during the first 72 hours until a coagulum 
forms. Transporting of the patient in this 
early phase is not advisable without some 
form of dressings. Circumferential burns 
do require turning at frequent intervals. 
However, it is our feeling that the exposure 
technique is the most economical and prac- 
tical means of treating most extensive burns, 
and it is especially helpful in mass casual- 
ties. 


Van Petten 


There is one other disadvantage, more 
psychological than real, in that the patient’s 
family and friends feel that “Here is poor 
old Joe, with the burned areas exposed, and, 
Doctor, aren’t you going to treat him?”. We 
have had cases where the family is quite 
upset about it, but the patient does so well 
under this management that usually the 
family’s fears are allayed before too many 
days. 


U. S. Naval Hospital, Newport, R. I. 
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The Treatment of Burns 


LIEUT. COL. ROBERT D. PILLSBURY (MC), U. S. Army 


An extensive burn represents the severest 
insult to which the human body may be 
subjected. Optimal treatment for this type 
of injury entails the coordinated effort of 
a well-trained team of doctors, nurses, and, 
within the military structure, corpsmen. In 
the course of his treatment an injured per- 
son may face many months of hospitaliza- 
tion and innumerable surgical procedures. 

Burns are characteristically divided into 
first-, second-, and third-degree insults, 
based on the depth of penetration of the 
injury. First-degree burns are manifested 
by erythema; they are of little or no interest 
to the average clinician unless of tremendous 
extent. 

A second-degree burn is partial-thickness 
in depth and usually is incurred through 
brief exposure to flame or to hot liquids. 
The area is pink or red in color, the surface 
is moist, and blisters occur frequently. Such 
an injury is quite painful. 

Third-degree burns are incurred from 
exposure to flame. The burned area is 
characterized by a charred or mottled gray 
appearance and a dry surface. Because the 
injury is full-thickness in extent, it is 
anesthetic. 

A simple but practical means of estimating 
the amount of body surface involved can be 
derived from the use of the Rule of Nines. 
The head and neck area is considered to be 
9% of the total body surface, as is each 
upper extremity. The anterior trunk, pos- 
terior trunk, and each lower extremity are 
each considered as 18% of the total body 


Received for publication Aug. 13, 1957. 


Presented at the 17th Annual Congress on In- 
dustrial Health, Los Angeles, Feb. 5, 1957. 


From the U. S. Army Surgical Research Unit, 
Brooke Army Medical Center, Fort Sam Houston, 
Texas. 


22 


ANTERIOR,’ 


18% 


Fig. 1—Rule of Nines. 


surface. The perineal region is designated 
as the remaining 1% (Figure 1). 

There is a tendency on the part of most 
clinicians to overestimate the amount of 
body surface involved in an extensive burn. 
This could be of great significance if the 
early fluid therapy is based upon the extent 
of burn and the patient’s weight. The for- 
mula currently used at the Brooke Army 
Hospital is a variation of the formula of 
the late Dr. E. I. Evans, in which he rec- 
ommended 1 cc. of colloid and 1 cc. of 
electrolyte solution per kilogram of body 
weight times the per cent of area burned. 
The Surgical Research Unit believes that 
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Figure 2 


by cutting the colloid requirements in half 
and adding this amount of fluid to the elec- 
trolyte requirements a better clinical result 
is obtained (Figures 2 and 3). 

Colloid solutions used routinely are dex- 
tran and shelved plasma. If the burns are 
extensive or very deep, whole blood is indi- 
cated as a part of the resuscitative fluids. 
Lactated Ringer’s solution or some other 
balanced electrolyte solution is recom- 
mended. If the patient is an adult, he should 
receive 2000 cc. of electrolyte-free water in 
the first 24-hour period, in addition to the 
colloid and electrolyte solution. On the sec- 
ond day after burning, the patient should 
receive one-half the colloid and electrolytes 
given the first day and the full 2000 cc. of 
water. In order to estimate the total fluid 
requirements it is important to remember 
that no burn is considered to be more than 
50% of the total body surface. This restric- 
tion will tend to minimize the possibility 
of developing pulmonary edema from over- 
loading in the early hours after burning. 

An aggressive approach must be followed 
in fluid therapy if extensively burned pa- 
tients are to be adequately resuscitated. 
The most significant shifts of body fluids 
occur in the first few hours after thermal 
injury. For this reason it is recommended 
that one-half of the anticipated 24-hour 
volume of fluid be given during the first 8 
hours. A quarter of the total is then given 
in the following 8 hours and the remaining 
one-fourth given in the last 8-hour period 
of the first 24 hours. An average urinary 
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Figure 3 


volume of 30 to 50 cc. per hour is a good 
indication of successful resuscitation. After 
48 hours the patient usually requires only 
crystalloid solution. If he is unable to eat, 
potassium, 80 to 120 mEq., should be given 
daily if the kidney function is adequate. 


Any fluid formula must be considered 
merely as a starting point for proper ther- 
apy. The attending surgeon must use his 
own clinical judgment, based on hourly ob- 
servations, to determine the exact amount 
and types of fluid that are indicated for each 
patient. 

If a burned patient is to be transported 
to a specialty treatment center or a larger 
hospital facility, such a transfer should be 
undertaken within the first 48 hours after 
injury. The U. S. Army Surgical Research 
Unit of Brooke Army Medical Center at 
Fort Sam Houston, Texas, has had exten- 
sive experience in the early transportation of 
severely burned patients. If resuscitation is 
aggressive, a burned patient withstands air 
evacuation over many hundreds of miles 
with little or no deleterious effects during 
the first 24 to 48 hours. Prior to transfer- 
ring a patient the attending physician must 
be assured that the patient has an adequate 
airway and is eliminating a reasonable vol- 
ume of urine. In addition, a patent route 
must be established for the continued intro- 
duction of intravenous fluids during evacu- 
ation. 

If the burn involves the face to any sig- 
nificant degree, an elective tracheostomy 
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should be performed. Edema resulting from 
a burn about the face or neck may not 
achieve its maximum extent for one or two 
days. If any question arises in the clinician’s 
mind as to the need for carrying out such 
a procedure, it should be performed prior to 
the transfer of a patient. 

An indwelling urinary catheter should be 
inserted, and a check should be maintained 
on the urinary volume eliminated hourly. 
One or more portals for fluid therapy must 
be provided by cutting down on superficial 
veins and inserting polyethylene catheters 
to assure adequate fluid therapy. If the burn 
is so extensive that all superficial veins are 
occluded, a large-bore needle may be in- 
serted into the femoral vein and the poly- 
ethylene catheter threaded up to the level 
of the vena cava. If this latter technique is 
used, it is recommended that the catheter 
be removed within seven to nine days in 
order to minimize possible pulmonary emboli 
resulting from a clot formation about the 
catheter. 

Once resuscitation has been achieved, the 
surgeon may focus his attention on the local 
care of the burn wound. The patient is 
taken to the operating room, and the burned 
area is gently cleansed with a detergent. 
Depending upon the degree of discomfort, 
this is performed with or without anesthesia. 
All blisters and dead epithelium are gently 
removed. Dressings may be applied at this 
time or, if the surgeon prefers, the burn 
may be treated by the exposure method. 
All outpatients should be treated with dress- 
ings, as should all patients for transport to 
other medical installations. Third-degree 
burns of the hands should be dressed in the 
position of function. Most circumferential 
burns are better handled by the dressing 
technique. 

The exposure technique is ideally suited 
for managing burns that involve one side 
of the body, second-degree burns of the 
hands, and burns of the face or perineum. 
Even extensive circumferential burns may 
be treated in this manner if a Stryker or 
Foster frame is available for frequent turn- 
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ing. This treatment facilitates drying of 
the burned surfaces. 

Most second-degree burns will heal in 14 
to 18 days regardless of the type of local 
treatment. Second-degree burns treated by 
the exposure technique are painful until a 
crust forms consisting of the precipitated 
serum and proteins of the body fluid. This 
usually requires from 24 to 36 hours. Once 
the crust forms, the burned surface is no 
longer painful. If any areas of pustular 
formation occur beneath this crust, they may 
be unroofed to prevent spread of infection 
or conversion of a second-degree burn to 
one of full thickness. The dry and com- 
paratively cool crust of a burn treated by 
the exposure method produces a relatively 
unfavorable environment for bacterial pro- 
liferation. 


If a patient is to be treated by the dressing 
technique, frequent operating-room proce- 
dures are involved and usually anesthetics 
are required. Such management not only 
produces stress in the patient but is also 
expensive in time and material. The mem- 
bers of the U. S. Army Surgical Research 
Unit are currently changing all burn dress- 
ings every three days. It is believed that a 
longer period between dressing changes in- 
creases the likelihood of conversion of 
second-degree burns to full-thickness inju- 
ries and thus may require more extensive 
grafting procedures. 


Unless they are treated aggressively, most 
third-degree burns will require approximate- 
ly four weeks for separation of the eschar 
before grafting procedures can be instituted. 
A softening beneath the eschar occurs usu- 
ally at the end of two weeks as the result 
of bacterial autolysis. The separation of the 
burned tissue can be speeded up at this time 
by applying wet dressings and changing 
them at frequent intervals. 


Small areas of third-degree burn may 
be excised surgically during the first few 


days following the insult. They may be 
grafted immediately or within a few days 
after excision. Such an aggressive surgical 
approach markedly reduces the length of 
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hospitalization. If the deep burn involves 
the dorsum of the hand, this excision and 
early grafting apparently result in superior 
functional results. Current practice in the 
treatment of severe burns of the hands is to 
excise them within five days after the in- 
jury. This procedure is undertaken follow- 
ing the application of tourniquets to insure 
a bloodless field. Usually the area is not 
grafted until three or four days after the 
excision, at which time a more successful 
take of the grafted skin is achieved. 

An evaluation of extensive surgical ex- 
cision of the full-thickness burn is now 
under way at the U. S. Army Surgical Re- 
search Unit. The incidence of septicemia 
in burns of 50% or more of the total body 
surface is alarmingly high. The radical 
surgical approach to the truly extensive burn 
is being evaluated as a possible means of 
preventing the development of invasive in- 
fection by earlier coverage of the burned 
surfaces. More extensive research will have 
to be carried out on this particular ap- 
proach before results may be evaluated 
statistically. 

If a significant percentage of the body 
surface is involved in a third-degree burn, 
not enough uninvolved skin will remain to 
cover the defect at the time granulations 
are present and grafting procedures are in- 
dicated. Homograft skin may be used in 
such instances. Extensive experience has 
been obtained in the use of cadaver-skin 
homografts. This procedure has resulted in 
a fine temporary physiologic dressing until 
such a time as the patient has sufficient skin 
of his own for permanent coverage. 

After permission is obtained from the 
next of kin, the body of a recently decreased 
patient is taken to the operating room with- 
in a period of four to six hours after death. 
Under sterile surgical techniques skin is 
obtained by the Brown dermatome usually 
set at approximately 0.008 to 0.010 in. in 
thickness. The skin is placed on one layer 
of fine-mesh gauze that has been lightly 
impregnated with petrolatum. When enough 
skin is processed to fill a Petri dish, 1,000,- 
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000 units of penicillin and 1 gm. of strep- 
tomycin are placed in the dish, and the dish 
is sealed with tape. The name of the donor 
and the date are written on the dish, and it 
is placed in a refrigerator. The skin may 
then be used for a period up to 30 days, 
although the percentage of “takes” is ap- 
parently higher if the donor skin is used in 
the first few days after it is processed. This 
technique has been used extensively through- 
out the country and the results have been 
well documented. This borrowed skin may 
remain intact upon the granulating surface 
for a period of 1 to 10 weeks. When it 
sloughs off, the underlying granulating sur- 
faces are in good condition for applying 
autograft skin. 

The autograft skin is usually taken at a 
thickness of 0.008 to 0.010 in. unless the 
covering is for a joint surface, the face, or 
the dorsuam of the hand. A thicker graft is 
used in these instances. Donor sites are 
routinely treated by the exposure technique 
unless they are in close approximation to 
a recipient site to be treated by applying 
a compression dressing. 

Once the skin has been removed from a 
donor site, one layer of fine-mesh gauze 
is placed on the bleeding surface. Hot, wet 
surgical laparotomy pads are then placed 
over this fine-mesh gauze to help achieve 
hemostasis. Upon the conclusion of the 
operation the laparotomy pads are removed 
and the donor site is left entirely exposed. 
The area will be painful for a period of 
24 to 36 hours or until a crust has formed 
within the interstices of the fine-mesh gauze. 
A donor site usually heals in 14 to 16 days. 
It may be used again and again, if necessary, 


Causes of Death in Fiftv-Three Cases from 
August, 1950, to March, 1955 


Mean 


Mean % Burn 
of 


— 


Day 
Cause No. Total Third Death 
Degree 
Septicemia 30 57 37 20 
Fluid imbalance 10 7 5 
Pulmonary damage 4 42 29 0.7 
Curling’s ulcer 2 58 22 22 


Other causes 


7 
(hepatitis, pneumonia, cardiacYarrest, cerebral contusion, 
atelectasis) 
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depending upon the extent of the granulat- 
ing surfaces to be covered. 

In the experience of the U. S. Army Sur- 
gical Research Unit the commonest cause 
of death following extensive thermal injury 
is septicemia (Table). The micro-organisms 
commonly associated with such fatalities are 
Micrococcus pyogenes and Pseudomonas. 
In these fatalities the average extent of burn 
totaled 60% of the body surface, including 
40% of third-degree involvement. The 
average survival time following thermal 
injury was 21 days. 

Although M. pyogenes was shown to be 
sensitive to certain antibiotics in vitro, mas- 
sive antibiotic therapy has been essentially 
unrewarding. In our experience four out of 
five patients have died who had a burned 
area covering 50% of their body surface 
and developed septicemia. In comparison 
with the patients who died, the survivors did 
not have as extensive burns either in total 
area or third-degree involvement. The anti- 
biotic therapy instituted in the presence of 
a Gram-positive micro-organism consisted 
of 300,000 units of bacitracin, 2 gm. of 
chloramphenicol palmitate (Chloromycetin), 
and 2 gm. of novobiocin (Cathomycin) each 
day. In sensitivity tests, bacitracin has 
maintained a high potency against M. 
pyogenes. In spite of massive doses of this 
drug over prolonged periods of time there 
has been no evidence of residual kidney 


toxicity in those patients who have survived. 


BURN MORTALITY 
412 PATIENTS 


15-44 YEARS 
1952-1956 


PERCENT MORTALIT 


50 
PERCENT AREA BURNED 


Figure 5 


An attempt has been made to evaluate the 
relative significance of the second-degree 
burn as compared to a third-degree burn 
(Figure 4). One point has been given to each 
per cent of third-degree burn and one-half 
point to each per cent of second-degree burn. 
If a young healthy soldier sustained a third- 
degree burn of 30% of his body surface and 
second-degree burn of 30%, the index 
would be 45. If such a patient is observed 
shortly after injury, resuscitated aggressive- 
ly, and treated in a specialized treatment 
center, he has a 50% chance of survival. 
If he sustained associated soft-tissue in- 
juries, or fractures his chance of recovery 
would be less than 50%. Persons in the older 
age group or the very young with the same 
amount of thermal trauma have less than a 
50% chance for recovery. 


Great advances in the knowledge of phys- 
iology and the improved techniques of resus- 
citation after extensive thermal injuries have 
failed to alter the tremendously high mor- 
tality rate in burns involving 50% or more 
of the body surface (Figure 5). At present, 
the major focus of attention is on the 
problem of septicemia. Considerable em- 
phasis is being placed upon this complication 
in many areas of the world. It is hoped that 
this may result in a far better recovery rate 


for those persons who sustain extensive 
burns. 


Fort Sam Houston, Texas. 
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Oral Treatment of Burn Shock 


KEHL MARKLEY, M.D., Philadelphia 


It is a great pleasure for me to be invited 
to speak to you about our burn study carried 
out in Peru during the past five years. As 
some of you may know, the Peru project 
has had as its principal objective the evalu- 
ation of the efficacy of saline solutions given 
in large quantities, chiefly by mouth, as an 
emergency treatment of burn shock. Such 
information might be useful in the treatment 
of burns in mass catastrophes, or in areas 
throughout the world where adequate medi- 
cal care cannot always be obtained, or where 
plasma or other intravenous therapy may 
not be available. 

The results of that study have now been 
published. It has been shown in a well- 
controlled clinical study of 110 burned chil- 
dren and 85 burned adults that there was 
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no major difference in mortality between one 
group who received only saline solutions 
and another strictly alternated group who 
received adequate quantities of colloid with 
dextrose and water. 

Since the termination of that part of the 
study we have decided to compare the 
efficacy of saline solutions alone with ade- 
quate plasma, electrolyte, and fluid therapy. 

It is my plan to demonstrate the mortality 
data, as well as some of the laboratory data, 
on burn cases studied in Peru, with the in- 
tention of focusing the role that saline solu- 
tions administered primarily by mouth play 
in preventing death from shock during the 
initial 48-hour period after burning. 

First of all, I think it wise to review 
some of the experimental data in mice that 
demonstrated the need for large amounts of 
fluid, electrolytes, and proteins in traumatic 
shock. Figures 1 and 2 cover some of the 
experimental work of Rosenthal, Tabor, and 
Millican at the National Institutes of 
Health. 
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Fig. 1—Changes in 
water, sodium, and potas- 
sium in the hindlegs of 
mice subjected to tourni- 
quets for two hours. 
Analyses two hours after 
removal of tourniquets. 
Values represent total 
amounts in the two legs. 
Control values from nor- 
mal mice studied simul- 
taneously. 
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A. $55 - PLASMA 


UPPER HALF | 
Normals 
Shocked, 
No Therapy F 
Shocked, 
Imi.Saline 


Shocked, 
imi. Plasma 


LOWER HALF 
Normals 


Shocked, |} 
No Therapy £: 


Fig. 2.—Distribution of 
S®* plasma in the upper 
half, lower half, and 
viscera of normal, unin- 
jured mice and of mice 
in tourniquet shock, with 
and without therapy. 
Dotted lines represent 
normal values. Tourni- 
quets were placed on 
hindlegs for two hours. 
Label was given one- 
fourth hour after removal 


Shocked, 
iml.Saline 


of tourniquets. Plasma 


Shocked, 
lant. Plasma 


VISCERA 
Normals 


Shocked, F 
No Therapy F 
Shocked, 

Saline 


Shocked, 
imi. Plasma 


and saline were given 
immediately after label. 
Shocked mice were killed 
two and one-half hours 
after injection of label; 
normal mice, two to two 
and one-half hours. (Re- 
produced with permission 
from Millican, R. C.: S®*- 
Plasma and Erythrocyte 
Distribution in Tourni- 
quet-Shocked Mice, Am. 
J. Physiol. 179:513, 
1954.) 
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Figure 1 shows the migration of water 
and sodium into the area injured by the 
application of tourinquets to the hindlegs 
and the exodus of potassium from the in- 
jured areas. 


Figure 2 demonstrates the distribution of 
plasma labeled with S** injected into mice 
immediately after removal of the tourni- 
quets. In shocked animals which had re- 
ceived no therapy there was a migration of 
labeled plasma into the injured area, with 
a deficit of labeled plasma in the uninjured 
upper half and viscera as compared with 
normals. In mice treated with either saline 
or plasma after removal of the tourniquets 
the migration of labeled plasma into the 
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injured lower half was even greater than 
in untreated animals. Similarly, almost all 
of the water and sodium administered as 
therapy could be recuperated from the in- 
jured areas several hours after administra- 
tion. 


In summary, then, the injured tissues have 
a tremendous capacity to swell and to take 
up administered fluids, electrolytes, and pro- 
teins with the subsequent diminution of 
blood volume and dehydration of the unin- 
jured tissues. 

This report presents the data obtained in a study 
of 184 children between the ages of 2 months and 
11 years and of 119 adults between the ages of 12 
and 68 years with burns involving more than 10% 
of the body surface area. Thirty-seven per cent 
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TABLE 1.—Outline of Fluid Therapy Practiced in Peru 


Fluid Therapy Children Adults 
Colloid Group (50 children and 59 adults) 
1. Average quantity of plasma, ce. (1st day) 0.4 ec. (Ist 
PVP per kg. of body weight per % bod ec. (2d day) 0.2 ec. (2d day) 
surface area burned, given in divided on 
age during the first 48 hours after burning 
2. Additional fluid given Sucrose in water p.o. Water orally 


3. Total amount of fluid given during first 
48-hour period efter burning expressed as 
% of body weight 
(84 thildren and 60 adults) 
Average quantity of an oral or parenteral 
saline solution during the first 48 hours 
after burning expressed as % of body 


weight 
2. Additional fluid given 


3. Total amount of fluid given during first 
= ae period expressed as % of body 


Saline Plus a Group (50 children) 
1. Average quantity of plasma per kg. of 
body weight per % body surface burned 
given in divided dosage during first 48 
hours after burning 
2. Additional fluid given 


5% dextrose in water i.v. 


Saline solution p.o. 


in water intravenously 


11 (ist day) 10 (Ist day) 
6 (2d day) 5 (2d day) 
Sucrose in water p.o. No additional fluid given 
5% dextrose in water i.v. 
18.4 15 


1.0 ec. (Ist day) 
0.5 ec. (2d day) 


and/or i.v. 


3. Total amount of fluid given during the 
first 48 hour period after burning expressed 
as % of body weight 


10 (ist day) 
5 (2d day) 


of the children and ninety per cent of the adults 
suffered burns due to flames or fire; the remainder 
of the burns were produced by hot fluids. 

The patients were divided on an alternate case 
therapy basis during the first 48-hour period after 
burning into the following groups, eomgeret simul- 
taneously (Table 1). 

The quantity of colloid or plasma administered 
to the children was considered adequate in com- 
parison with that recommended by Evans, The 
isotonic saline solution given orally contained 140 
mEq. per liter of sodium, 93 mEq. per liter of 
chloride, and 47 mEq. per liter of bicarbonate (or 
approximately 1 teaspoonful of table salt and ™% 
teaspoonful of sodium bicarbonate in 1 quart of 
water), and the solution given intravenously con- 
tained approximately the same concentrations of 
electrolytes as that g:ven by mouth. 

All accessory therapy was identical in the groups 
compared simultaneously and consisted chiefly of 
measures routinely employed in the hospitals prior 


TABLE 


to the present study. Local therapy was the expo- 
sure method in adults and children. It must be 
emphasized that treatment in the therapy groups 
differed only during the first 48 hours after in- 
jury. When patients had survived that period, 
there was no difference in therapy between the 
groups. 


The saline-treated groups, both children and 
adults, received fluid therapy mostly by the oral 
route exclusively and only rarely by the intravenous 
route exclusively, whereas the colloid-treated pa- 
tients received most of the fluid administered by a 
combination of oral and intravenous routes, with 
a greater percentage of cases receiving fluid by 
the intravenous routes exclusively. Table 2 il- 
lustrates just how much of the saline solution was 
given orally in the various burn extension groups. 
In burns of less than 50% of body surface area in 
adults and in burns of less than 30% in children 
the majority of patients received the saline solution 
solely by the oral route, with a high percentage of 


2—Mode of Saline Administration to Burned Patients 


Oral Administration 


Per Cent of Total Intravenous Administration 


Number Exclusively Intake Administered Exclusively 
Burn Group of Cases Orally 

No. of % of Total During First 48 Hr. No. of % of Total 

Cases Cases Cases Cases 

Adults 

10-25 27 24 90 95 0 0 

26 14 54 75 0 0 

6 1 17 34 2 33 

3 1 33 36 1 33 

62 40 65 3 5 

58 42 72 86 2 4 

22 10 45 62 4 18 

6 l 17 51 2 33 

6 0 0 12 3 50 

92 53 58 ll 12 
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TaBLe 3.—Toxic Effects * of Therapy During 
Shock Period 


Incidence of 


Vomiting, Diarrhea, 
% 


Treatment Group Cases, No. 


28 
50 
35 
44 


* There was no incidence of generalized or pulmonary edema. 


total saline solution intake administered orally in 
even the very extensive burns of both adults and 
children. 

Toxic reactions to therapy, such as vomit- 
ing, diarrhea, generalized edema, and pul- 
monary edema are illustrated in Table 3. 
In general, the saline-treated patients showed 
no increased tendency toward vomiting as 
compared with the colloid-treated group. 


CHILDREN 
%Of Cases 
100 


PER CENT BURN 
PER CENT BURN 


The incidence of diarrhea was slightly 
higher in the saline-treated group. Of those 
patients treated with saline solutions who 
died during the shock period, not one child 
or adult showed clinical signs of generalized 
or pulmonary edema before death or at au- 
topsy. 

Because it has been customary to evaluate 
therapy on the basis of its effect on clinical 
shock, Figure 3 presents data on the blood 
pressure, probably the least subjective sign 
of shock. It is apparent in both children 
and adults that the greater the area of burn 
the greater was the incidence of hypotension 
on admission to the hospital. In both saline 
and colloid groups the incidence of hypo- 
tension increased during the first 48 hours 
after burning but declined at the end of 


ADULTS 


% Of Cases 
100 


Soline Group 
Colloid Group 


Fig. 3.—Incidence of 
hypotension in burned 
patients with systolic 
blood pressure below 90 
mm. Hg. A, on admis- 
sion; B, during first 48- 
hour period after burning 
for a minimum period of 
4 hours; C, at the end of 
48 hours. The numbers 
above the bars represent 
the number of cases 
studied in each group. 
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that period. In children at the termination 
of 48 hours the incidence of hypotension in 
the saline group was approximately the same 
as that seen on admission, while in the col- 
loid group there was a greater incidence of 
hypotension at the end of 48 hours as com- 
pared with that on admission. In adults at 
the end of 48 hours both therapy groups 
showed approximately the same incidence 
of hypotension as that seen on admission. 

Urine volumes in children and adults dur- 
ing the 48-hour therapy period are plotted 
in Figure 4. In children, where volume of 


fluid intake was equal in the two therapy 
groups, the colloid group demonstrated a 
greater volume output than the saline group. 
In adults, where the volume of fluid intake 
was greater in the saline group, the urinary 
output was greater in the saline group; 
however, as demonstrated in the graph, the 
patients in the colloid group with a 10%- 
25% burn excreted a larger percentage of 
the ingested fluid via the kidneys. In adults 
14% of the colloid patients and 10% of the 
saline patients had urine outputs of less 
than 100 ml. during 24 hours, and most of 
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TABLE 4—Comparison of Saline with Colloid in 
Preventing Death in Children 


Mortality 
Within 48 Hr. 
No. % 
Saline group, children 
37 3 8 


Burn, % of 
Body Surface Cases, 
Area No. 


12 


Colloid group, children 
3 10 


these patients had suffered burns over 50% 
of the body surface area. 

Because of the limited time, I will not 
illustrate the laboratory studies performed 
in all of these patients, but I might sum- 
marize the course of physiologic events as 
determined by laboratory methods occurring 
after thermal trauma in patients treated 
with isotonic saline solutions: There is an 
outpouring of plasma into the injured areas. 
This loss together with the stimulated ac- 
tivity of the adrenal cortex provokes the 
kidney to reabsorb large quantities of so- 
dium and water, which rapidly reduce the 
hematocrit and plasma proteins, normalize 
the plasma electrolyte pattern, and restore 
the circulatory volume by the end of 48 
hours. 

Mortality, however, is considered to be 
the most important criterion in evaluating 
the role of saline solutions in the prevention 
of death during the early, or shock, period. 
Table 4 presents the data published on the 


comparison of saline with adequate colloid 
and water in children. As a consequence of 
strictly alternating the cases between the 
therapy groups, material was obtained in 
comparable groups with respect to the fol- 
lowing pertinent variables: (1) percentage 
of body surface area burned, (2) percentage 
of body surface area with full-thickness 
burn, (3) causative agent, (4) age, (5) 
sex, and (6) interval between thermal in- 
jury and commencement of therapy. 

Table 4 shows that there was no major 
difference in 48-hour mortality or total mor- 
tality between the saline and colloid groups 
in any of the burn groups in children. 
There was a 20% 48-hour mortality in both 
therapy groups, with a 56% total mortality 
in the saline-treated patients and a 62% 
total mortality in the colloid-treated patients. 

Table 5 shows that in adults that there was 
no 48-hour mortality in the saline group 
(including 9 patients with a burn greater 
than 50%) and a 16% 48-hour mortality in 
the colloid group (including 12 patients 
with a burn greater than 50%). Both groups 
showed a total mortality of about the same 
level. The results in adults suggest that 
during the shock period adequate saline 
solution therapy is superior to inadequate 
colloid therapy; in fact, the zero 48-hour 
mortality in this rather large series of saline- 
treated patients is highly significant of the 
effectiveness of this treatment. 

In Figures 5 and 6 cumulative mortality 
in children and adults is plotted against 
time. Since the curves of the saline-treated 
group and of the colloid-treated group are 


TaBLe 5.—Mortality in Burned Adults 
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5.—Cumulative 
mortality from burns 
over 10% or more of 
the body surface area in 
children. The three ther- 
apy groups differed only 
in the treatment admin- 
istered during the first 
48-hour period after 
burning, after which time 
the therapy depended 
upon the individual needs 
of the patient. The col- 
loid group represents 50 
children treated with an 
adequate quantity of 
plasma, blood, or poly- 
vinylpyrrolidone Povi- 
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isotonic saline solution; the preproject group includes 133 children treated during the three years prior to 
the commencement of the project with little colloid and electrolytes. 


quite similar in shape throughout the entire 
course of hospitalization, this method of 
representation reemphasizes the similarity 
of mortality between the two groups and 
demonstrates that saline solution did not in- 
crease the mortality in the period after 
shock. The preproject curve in children, 
which represents therapy with insufficient 
colloid and electrolytes and serves as an 
inadequately treated control, does show, 
however, a higher mortality than the saline 
solution and colloid curves during the first 
48 hours after burning, although it, too, 
approaches the same final mortality as the 
other two. Cumulative mortality plotted in 


1004 

90 
> 80, 
70: 
a 60 
2 

40 
< 
= 
a 

107 
# / 

o1234s6?r 4 2 
DAYS AFTER THERMAL 

Markley 


adults shows an early 48-hour difference 
between the two groups with a final mor- 
tality of the same degree. 

Although the study comparing saline solu- 
tion therapy with adequate electrolyte, 
plasma, and fluid therapy in children is not 
yet concluded, the data collected to date will 
be presented at this time in order to give 
some idea of the trend developing (Table 
6). From these data there is suggestive evi- 
dence that perhaps in time, as more cases 
are accumulated, there will be some superi- 
ority evident in the children who receive 
large quantities of electrolytes, plasma, and 
fluid, especially in the more extensive burns. 


Fig. 6 —Cumulative 
mortality in adult burned 
patients. The colloid 
group includes 43 adults 
treated with small 
amounts of colloid sup- 
plemented with dextrose 
and water; the saline 
group includes 40 pa- 
tients treated with large 
quantities of an isotonic 
saline solution. 
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TABLE 6.—Mortality in Burned Children 


48 Hr. Mortality Total Mortality 


Cases, No. 


% No. 


Saline Group 


Sl 


line Plus Plasma 


In conclusion, it is believed that admin- 
istration of large quantities of saline solu- 
tions during the shock period, chiefly by 
mouth, has real value as an emergency 
treatment of shock because of (1) its effec- 
tiveness in preventing early deaths, (2) 


the general availability of table salt, sodium 
bicarbonate, and water required to make 
the saline solution, and (3) the relatively 
simple method of administration. 


Department of Biochemistry, School of Medicine, 
University of Pennsylvania. 


a 
No. % 
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a 21-30 5 2 40 100 

: 31-40 5 3 60 100 
a 41-100 3 2 67 100 
Total 32 22 60 
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e 21-30 9 0 0 56 
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QUESTIONS AND ANSWERS 


Questions and Answers 
by Dr. M. D. Maxmen 


Can closed treatment burns be converted to open 
treatment, and at what time? 

We certainly often have changed closed tech- 
niques into open ones, and we have not had any 
trouble getting the burns covered, with or without 
aluminum powder, in from 48 to 60 hours. We 
sometimes will leave them closed with aluminum 
powder. It is an easy way to treat the little burn 
that wanders into the emergency room or into 
your office. 

With regard to the use of aluminum powder and 
not being able to find the infection under it, 
certainly, if you noticed some of those slides, you 
could see a little bit of what you might call infec- 
tion in the axilla in the one girl. I suspect we 
should not work too hard to make the surface 
sterile. Without the right kind of bacteria there, 
1 do not think the eschar would ever separate. A 
fair amount of the work in this country has been 
devoted to sub-culturing various species of Bacillus 
subtilis because of its enzymatic débriding proper- 
ties. The presence of bacteria does not necessarily 
indicate infection. 

Aluminum powder, as it comes, has a certain 
amount of aluminum stearate and oleate with it. 
We spent a lot of time with the original powder, 
running it through a process to take out the fats, 
and then we decided there was no sense in making 
aluminum free of stearates on the one hand and 
then using baby powder with stearates on the other, 
and so we started using it the way it comes, and it 
works just as well. 

Does this cut down on the discomfort? Does 
the application make a second-degree burn more 
comfortable ? 

I think it does. 
comfort. 

We buy our powder from British Drug Houses. 
Of course, the Aluminum Corporation 
factures it. 

Does the same powder apply to other types of 
burns ? 

It certainly does. At the present time we have 
electrical, thermal, and lye burns. 
are really flame burns. 

Will friction from clothing disturb the eschar? 

Certainly children are up and around the hospital 
in pajamas, which aren’t very heavy but which are 
ample to keep them covered, and we don't have 
any particular trouble. 

Does aluminum powder block skin pores ? 

Aluminum powder does not block the skin pores 
in any way that is injurious. In other words, with 
healing the aluminum is lifted off. The reason 
the aluminum powder lets go is that the skin is 
healed underneath it. 

How can a paper on this be obtained? 


We aren't aware of any dis- 


manu- 


Gasoline burns 


The subject was originally published in the 
journal of Plastic and Reconstructive Surgery in 
September, 1954. That report covered the first 
125 cases. 


Questions and Answers 
by Cmdr. George T. Van Petten 


Has the Navy tried dry aluminum powder? 

No. I might clear up a point here. First of all, 
the comments that I have made are not neces- 
sarily, as we always say in publications, the official 
opinions of the Navy Department, but at our 
institution we are not familiar with the aluminum 
powder therapy. I think it does have an interesting 
application in the management possibly of smaller 
burns than we ordinarily would have to hospitalize 
for a few days in children. I think we could prob- 
ably handle them by outpatient methods if we had 
an intelligent family. I would be a little concerned 
about covering up these eschars, therefore being 
unab’ . spot any areas of infection and pustule 
formation beneath the eschars as they were covered 
by aluminum powder. 

Can closed treatment burns be converted to open 
treatment, and at what time? 

We support an area covering the whole Narra- 
gansett Bay which stretches 100 miles south and 
about 50 or 60 miles in each direction laterally. 
We receive burns anywhere in the first 48 hours, 
and usually they are transported with some form 
of cover. During that period of time no real 
change takes place in the burned surface, and so 
we proceed to remove all dressing and débride them 
and continue them on an open schedule. I think 
probably up to four or five days it is perfectly 
safe to convert them to open areas. 

Dr. Maxmen has pointed out that after the 
application of aluminum powder a nice dry eschar 
is formed within 60 hours. I do not know what the 
difference between Narragansett Bay fog and 
Toronto winter conditions is, but in our experience, 
applying absolutely nothing to burned areas, we 
have a nice dry eschar in about the same period 
of time. 

All of us again should be pointing toward the 
ultimate problem of mass casualties, and I wonder 
if our thinking is not clouded a little bit by the fact 
that, as I pointed out, particularly in private prac- 
tice, we have to do something to treat the relatives, 
and therefore we apply something to surfaces. In 
a situation where we have a great many patients 
to treat this overtaxes our efforts by being some- 
thing that is unnecessary. 

Mortality is one criterion by which the total 
result of any technique of burn management may 
be evaluated. Other standards, particularly of 
techniques of managing the burned surfaces, which 
after all are only part of the whole problem, might 
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be the extent of grafting required in a given 
number of burned patients or the amount of total 
disability, so far as contracture formation and 
keloiding are concerned, on the degree of well- 
being and economic rehabilitation possible for each 
patient. 

Now in the Bennington group we had, out of a 
total of 72 burns, only 24 burns that required 
grafting, and we felt that by delaying and by 
applying nothing that clouded the issue so far as 
the surfaces were concerned we were able to better 
evaluate which were deep-second injuries, which 
would take care of themselves, and which would 
ultimately require grafting. 

I have only one thing to add to this whole 
program of fluid therapy in burns. I think the 
concept which Lieut. Col. Pillsbury pointed out 
is the one we are ultimately going to end with, not 
a hard and fast formula. 

We are going to have to develop some formula 
or index in which we scale the amount of fluid 
therapy by the degree of burn as well as by the 
extent of the burn. 

In our own fluid management, instead of giving 
half colloid and half electrolyte and crystalloid, 
the tendency is to give one-third colloid and two- 
thirds crystalloid, and I think our urinary output 
and our extracellular space studies have been more 
adequately approaching normal. 

It all goes back, as we must again emphasize, 
to the clinical evaluation of the patient, and I think 
a figure of somewhere between 35 and 50 cc. of 
urinary output per hour is fine, and, incidentally, 
exposure of the whole patient is very convenient 
in evaluating his degree of respiratory difficulties, 
pulmonary edema, and so forth. 


Questions and Answers 
by Lieut. Col. Robert D. Pillsbury 


Can closed treatment of burns be converted to 
open treatment, and at what time? 

We have felt that a change from a dressing 
technique to the exposure method of treatment can 
be made at any time within the first five days after 
injury. Obviously, the exposure method can be 
converted to dressing technique at any time. 

Discuss any experiences with Telfa gauze, 
especially in those areas that are dependent. 

We have used Telfa gauze for small second-de- 
gree burns treated by dressing techniques. It is 
our belief that this treatment results in a much 
less painful dressing change. It is used on our 
ward for those patients on a Stryker frame who 
may have burns about the dorsum of the upper 
arm or the elbow to prevent the bed linen from 
sticking to the burned surface. 

A case of anuria, 16 hours after burning, in a 
patient with a 70% body surface burn, 30% third- 
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degree. Fluid therapy in the first 24 hours: 2000 
cc. crystalloid solution, 2500 cc. glucose in saline, 
6000 cc. plasma, and 1500 cc. blood. Discuss treat- 
ment. 

It is my impression that this patient received 
more than enough colloid therapy and perhaps not 
enough crystalloid solution. The total amount of 
fluid given would certainly appear to be enough 
for any adult under 200 Ib. in weight. In our ex- 
perience, even an extensively burned patient can 
be resuscitated, but he may die within one to three 
weeks as the result of septicemia. 


Questions and Answers 
by Dr. Kehl Markley 


First of all, I want to say that what I say next 
is not done in bad faith; it is done just to stimulate 
thought and maybe some discussion at this point. 

It seems to me in my experience, and I have 
spoken to many burn experts in the United 
States, that everyone has a particular local therapy 
that he thinks is a good one. Now, in Peru, even 
I can say that we think we have a local therapy 
that is good, too, but I am always very reticent 
to speak about this matter, because it seems to me 
that the criteria used in this matter have been 
deficient so far. We used the therapy that was 
described by Dr. Van Petten and did not put any- 
thing locally on the burned area. We did not want 
to cover the burn, in order to duplicate bomb 
situations. 

When the patient was admitted to the hospital, 
his burn and body, in general, were dirty, but we 
did not wash him or débride the wound. We prac- 
ticed the open treatment for nine days, after which 
we covered the burn with petrolatum gauze so 
that we could get the third-degree crust off. 

That seemed to work all right for us, and our 
total mortality was no worse than that reported by 
others. Thus, given little or no local treatment, 
the mortality was not too bad. 

What I am trying to say, really, is that no one 
has ever done a study of mortality with controls. 
It seems to me the first thing we should do is to 
treat one group of patients, say, with no local 
therapy at all and then strictly alternate that one 
with a group treated with aluminum powder, or 
tannic acid, or what have you. The next problem 
is to select criteria. How do we decide which 
therapy is better? Mortality might be one way. I 
am not sure that that is the best way. We might 
measure burned areas and photograph them, or 
measure them on diagrammatic paper and see how 
fast the burn heals. 


I am throwing this out for discussion to see what 
others think. Until some study like that is done, 
everybody will continue thinking his therapy is 
the best. 
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Scientific Exhibits 


EDWARD E. GORDON, M.D., Chicago 


Regulation of physical effort is practiced 
in the management of heart disease, chronic 
respiratory disease including tuberculosis, 
and convalescence from acute disease. The 
physician in this regard wants to know how 
much a patient should do and yet avoid 
stress and what activities reside within his 
tolerance. 

On a practical basis the question of in- 
tensity and duration of effort must be de- 
cided on clinical grounds. But in considering 
the applicability of specific activities their 
inherent energy costs serve as a_ useful 
guide. Such values are available from exten- 
sive data for working O2 consumption per 
minute. 

That energy costs properly reflect phys- 
iological stress is indicated by the evidence 
that rate of energy expenditure is directly 
proportional (between wide limits) to car- 
diac output and ventilation®* Thus, a 
simple measure like Og consumption per 
minute may reveal a sufficiently good ap- 
proximation of the relative intensity of 
cardiac and respiratory work associated with 
a certain activity. 

Some of the data, therefore, are pre- 
sented for self-care, work, and play in the 
form of a graphic scale to aid the physician 
in prescription of activity. 

Received for publication July 29, 1957. 


From the Department of Physical Medicine, 
Michael Reese Hospital. 


The Use of Energy Costs in Regulating Physical 
Activity in Chronic Disease 


The unit of energy cost has been chosen 
as Cal/minute because, when so expressed, 
the basal expenditure is about unity, making 
for numerical simplicity (0.9-1.3 Cal/min- 
ute). Working cost includes basal expendi- 
ture. 


29th St. and Ellis Ave. (16). 
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News and Comment 


ANNOUNCEMENTS 


Air Pollution Course——An intensive two-week course on “Air Pollution” designed 
for engineers, industrial hygienists, and physicians concerned with the problem of community 
air pollution will be given by the New York University Post-Graduate Medical School in 
cooperation with the NYU College of Engineering, from Dec. 2 through 13, 1957. 

The course will review the basic toxicology of the principal air pollutants, micro- 
meteorological factors, the effects of air pollution on agriculture and commerce, and methods 
for sampling and analyzing the various toxic components. Also described will be the sources 
of air pollution, including power and steam generation, domestic heating, incineration, internal 
combustion engines, and industrial effluents. Methods of control and the pattern of govern- 
mental regulations will be studied. 

Tuition for the course is $90. For further information: The Associate Dean, NYU Post- 
Graduate Medical School, 550 First Avenue, New York 16. 


Radiological Safety Course—A two-week, full-time course in Radiological Safety 
will be given from Jan. 6 to 17, 1958, by the Institute of Industrial Medicine of New York 
University Post-Graduate Medical School, in cooperation with the NYU College of Engineer- 
ing and the United States Atomic Energy Commission. 

The course is designed for industrial physicians, industrial hygiene engineers, public 
health officials, and individuals in industrial and university research laboratories who are 
responsible for radiological safety. 

Particular attention will be given to radiation problems in industry associated with the use 
of radioisotopes and radiation sources including industrial x-ray and power reactors. Covered 
will be such topics as nuclear physics, the biological effects of radiation, the principles of 
radiation protection and governmental codes and regulations. 

Tuition for the course is $90. For further information write to the Associate Dean, NYU 
Post-Graduate Medical School, 550 First Avenue, New York. 


GENERAL NEWS 


Scientific Research in Occupational Medicine in the Netherlands——The National 
Health Research Council T. N. O. (Koningskade 12, The Hague) has set up a Committee for 
Research on Occupational Medicine, the object of which is to promote and coordinate scientific 
research in this field. 

Particular attention in this respect will be paid to scientific research of a fundamental 
character to be carried out by physicians and technicians working either in various existing 
research institutions or in practice, in the form of teamwork and under joint responsibility. 

Various institutions which have been dealing with the problems of occupational medicine 
are represented in this committee. They are The Society on Occupational Medicine; the 
Labour Inspection; the Netherlands Institute for Preventive Medicine, and the Research 
Institute for Public Health Engineering T. N. O. The chairman is Prof. Dr. G. C. E. 
Burger, Eindhoven. Under the direction of the committee research will be conducted first 
concerning work at high temperatures, toxicological problems, industrial dust problems, 
ergonomics, and accident prevention. This refers partly to problems in which research has 
already been conducted by one or more of the institutions represented in the Committee. 


SOCIETY NEWS 


Western Occupational Health Conference.—The First Annual Western Occupational 
the following subjects: Human Factors Engineering; Dermatological Problems in Industry; 
Hazards, Hidden and Otherwise; Hiring the Handicapped Without Handicapping Industry ; 
Health Conference was held in Los Angeles, Oct. 4, 5, and 6. Panel discussions were held on 
Radiation in Industry, and Emotional Problems in Industry. 
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Books 


The Condensed Chemical Dictionary. Fifth Edition. By Arthur and Elizabeth Rose. 
Price, $19.50. Pp. 1200. Reinhold Publishing Corporation, 430 Park Ave., New York 22, 
1957. 

The publishers state that there are 30,000 entries, which we did not attempt to check, 
but we did check their remarks that the volume is nicely thumb-indexed, the type is larger 
than one ordinarily finds in such indexes, and it is admirably cross indexed with reference 
numbers to the manufacturers of trade-marked products. 

Substances like 2,4-D, D. D. T., TCP appear and are either defined under those abbrevia- 
tions or cross indexed. The same is true of chemicals with long chemical names—parathion, 
Zineb, Aspirin—which ordinarily are given by their abbreviations, many of which are not 
trade-marked. To this reviewer, the test of such a book is its usability. I tried this one as an 
aid in writing and editing technical papers, then tried it on colleagues and students. I am 
thankful to have it on my office bookshelf for convenient use. 


DRINKER. 


Industrial Toxicology. Second edition. By Lawrence T. Fairhall. Price, $10.00. Pp. 

376. Williams & Wilkins Company, Mount Royal and Guilford Aves., Baltimore, 1957. 

This revised edition of Fairhall’s book will prove a convenient addition to the industrial 
hygienist’s reference library. Since the work deals with over two hundred fifty substances, 
the treatment of individual substances is of necessity brief. The format used takes up 
characteristics, industrial uses, toxicity, and analysis. The references listed after each sub- 
stance provide a starting point for those in need of more detailed information in regard to 
specific toxicants. The book is divided into two parts, the first dealing with inorganic sub- 
stances and the second with carbon compounds. Under these main headings the substances 
are listed alphabetically, which makes for easy reference. 

The interesting eight-page introduction discusses the development of modern concepts of 
industrial toxicology and discusses some of the methods of experimental toxicology. The 
appendices include, in addition to the usual conversion tables for gas concentrations and 
threshold limit values, an interesting table giving detoxification end products of various 
compounds of industrial interest. A table is also given in which various substances are 
classified as to toxicity based on the L. D.so dose for oral administration to rats, which was 
included “in order to satisfy those who must know ‘how toxic’ a substance is.” 

Those not directly concerned with industrial hygiene or industrial medicine, such as 
pharmacologists and physicians in general practice, will find the book of interest also. 

Mary O. 


Clinical Toxicology of Commercial Products: Acute Poisoning (Home & Farm). By 
Marion N. Gleason, Robert E. Gosselin, and Harold C. Hodge. Price, $16.00. Pp. 1160. 
Williams & Wilkins Company, Mount Royal and Guilford Aves., Baltimore, 1957. 

The thoughtful and herculean effort that went into the compilation of this volume should 
be rewarded by wide attention, especially from physicians, but also from anyone interested 
in man-made illness. It will be necessary for the user of this book to study the plan of its 
composition in order to use its content in an emergency. This volume is divided into seven 
sections: (1) First aid and general emergency treatment—in pink color. (2) Ingredients 
index with a unique and helpful toxicity rating for quick rating—in blue color. (3) A section 
dealing with treatment directly, as for instance by an antidote. (4) A section on supportive 
treatment. (5) The largest section, in yellow color, is an index of the trade names of fifteen 
thousand products with the name of the manufacturer, use of the material, and a list of in- 
gredients. (6) There are, unfortunately, a number of blanks in section five indicating that 
the cover ingredients are unknown. For this reason the authors have introduced a sixth 
section containing General Formulations in which ingredients likely to be used in the product 
are listed, and from this the possible harmful effects can be discovered. (7) The last section 
contains a list of manufacturers’ names and addresses. 
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Recognizing that such a volume cannot be kept up to date, the authors propose a supple- 
ment and invite industry to participate in keeping knowledge of potentially harmful materials 
up to date. Further, by means of a card which probably should have been made a part of 
the volume, physicians are invited to send case records of possible poisonings to Dr. Gosselin, 
the physician author, both to assist the physician and to keep the information intended for the 
supplement up to date. 

Criticism might be made of listing trade names when there is no knowledge of ingredients, 
and the use of question marks after toxicity ratings. Such criticisms, however, would be 
captious in view of the monumental amount of knowledge that has been collected here in a 
single manageable volume. 

Harriet L. Harpic, M.D. 


Precancerogenesi e tumori professionali. Vol. 2. By Giorgio Alberto Chiurco. Price, 
$18.00 (10,500 Italian lires). Pp. 1268. National Institute for Insurance against Occu- 
pational Illness, Milan, 1956. 

The text in Italian, entitled “Precancerogenesis and Occupaticnal Tumors,” is lavishly 
illustrated with some 249 pages of illustrations and graphs in black and white, supplemented 
by 118 pages of illustrations and graphs in color; there are 20 pages of graphs and 7 of 
chemical formulas; 93 pages of bibliography and a brief index of 2 pages by subject. 

Some 179 pages of the text are devoted to the subject of lung cancer and smoking and 
contain a quantity of data on the recorded and estimated morbidity rates. Much of the text 
is written in a bibliographic vein and quotes widely from American and European literature 
on occupational cancerogenesis. Some of the illustrations are taken from old texts and serve 
the purpose of visual documentation of historical events related to specific subjects; many 
illustrations in color are in the nature of posters aimed at health education. A score of 
pages carry illustrations of chest x-ray findings, photomicrographs, gross pathological speci- 
mens, and clinical photographs; of the latter, p. 165 shows a familiar group of photographs 
previously reproduced in the 1947 issue of the British Medical Bulletin to illustrate chemical 
carcinogenesis. 

The Italian reader will find this text a useful addition to the reference library on occupa- 
tional tumors; it will doubtless be most popular on other shores. 

Leoni S. SNEGIREFF. 
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You can have a 
Balanced Low-Fat Breakfast! 


Recently scientific and medical authori- 
ties have stated that there will probably 
be a trend in this country to less rich 
diets which means less calories in the 
diet. Because fats are such a concentrat- 
ed source of calories, a moderate reduc- 
tion of fat intake will result in a generous 
reduction of calories. 


Medical and nutrition authorities when 


recommending that the fat intake of the 
diet be lowered state that a low-fat 
breakfast should provide well-balanced 
nourishment. A basic cereal breakfast pat- 
tern shown below has found wide endorse- 
ment because it makes a worth-while con- 
tribution of complete protein, essential B 
vitamins, and minerals to the daily diet 
and is low in fat. 


Basic Cereal Low-Fat 
Breakfast Pattern 


Orange juice, fresh, / cup, 
Cereal, dry weight, 1 oz., 
with whole milk, Y2 cup, 
and sugar, 1 tsp., Bread, 
white, 2 slices, with butter, 
1 tsp., Milk, nonfat (skim), 
1 cup, black coffee. 


Nutritive Value of Basic Cereal 


Calories 
Protein 


Breakfast Pattern 


Note: To further reduce fat and cholesterol use skim milk on cereal which 
reduces Fat Total to 7.0 gm. and Cholesterol Total to 16.8 mg. Preserves or 
honey as spread further reduces Fat and Cholesterol. 


Bowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956, 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 


CEREAL INSTITUTE, Inc. « 135 South LaSalle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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Carbohydrate..................80.7 gm. 
Vitamin 6001 U. 
Ascorbic mg. 


—-AND HEAD COLDS 
20 ec. 


and preservative 


(brand of and Zephiran (brand of benzalkonium, 


Contains Zephiran® cl 
> antibacterial wetting agent 


“greater efficier 


a leading 
decongestant — 

vasoconstrictor in a 

most convenient form — 


usually no sting... 
unbreakable — no spill ; 

prolonged effect 
no fuss 


Neo-Synephrine relieves the discomfort of 
colds, hay fever and sinusitis promptly and 
safely without sting, drowsiness or tachycardia 
in virtually all patients. 


Neo-Synephrine is available also in 
%%, 2% and 1% solutions in bottles of 1 oz. with dropper. 
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